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(57) ABSTRACT

In order to improve solid phase diffusion bondability at
contact portions between a metal flat foil and a metal
corrugated foil together constituting a metal honeycomb
body for a catalyst converter used for purifying an exhaust
cgas and to 1mprove engine durability, the present imnvention
comprises one or combination of the following structures; a
structure wherein at least one of the metal foils has a foil
thickness of less than 40 um; a structure wheremn an Al
content after bonding is at least 3%; a structure wherein the
surface condition of both metal foils 1n a width-wise direc-
fion has a predetermined surface coarseness or a predeter-
mined surface shape and condition; and a structure wherein
the width of contact portions between both metal foils 1s at
least five times the thickness of the metal foils. In order to
further 1mprove engine durability, the present invention
disposes an unbonded portion inside the honeycomb body
having the construction described above, or disposes a shell
on the outer periphery of the honeycomb body.

31 Claims, 34 Drawing Sheets
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METAL HONEYCOMB BODY FOR
EXHAUST GAS PURIFICATION CATALYST
AND METHOD FOR PRODUCING THE
SAME

TECHNICAL FIELD

This nvention relates to a metal honeycomb body for
supporting a catalyst for purifying an exhaust gas emitted
from an internal combustion engine such as an automobile
engine, and a method for producing the same.

BACKGROUND ART

A metal support having excellent initial purification per-
formance of an exhaust gas and a small exhaust resistance
has been used recently, in many cases, for a catalyst device
of an automobile. The metal support of this kind uses a
cylindrical honeycomb body produced by superposing a
metal flat foil with a metal corrugated foil, that 1s obtained
by subjecting the metal flat foil to plastic processing into a
corrugation form, with one another, and winding them into
a spiral shape, or a honeycomb body produced by super-
posing alternately plane-wise the flat foil and the corrugated
fo1l. The metal honeycomb body is then assembled into a
casing such as a metal outer cylinder and the two parts are
mutually bonded. After a catalyst is fitted to and supported
by the metal honeycomb body, the resulting catalyst device
1s used as an exhaust gas purification apparatus for the
automobile.

As shown m FIG. 1, for example, a conventional metal
support 1 1s produced by assembling a metal honeycomb
body 2 formed of heat-resistant stainless steel foils 1nto an
outer cylinder 3 made of a metal. The metal honeycomb
body 2 1s produced mainly by superposing an about 50
um-thick belt-like flat foil 5 with a belt-like corrugated foil
6, that 1s obtained by subjecting the flat foil 5 to corrugation
shaping, and winding these foils 1mnto a spiral shape round a
take-up axis S indicated by arrow B 1n a direction as shown
in FIG. 2. Aridgeline 7 of each corrugation 1s formed on the
belt-like corrugated foil 6 in a width-wise direction. The
circular cylindrical metal honeycomb body 2 wound into the
spiral shape has a large number of vent holes 4 1n the axial
direction of the circular cylinder. The catalyst 1s supported
by these vent holes, forming a catalyst converter.

The catalyst support must have excellent durability in
order to withstand severe heat cycles, due to a high tem-
perature exhaust gas from an engine, and also to withstand
vigorous vibration from the engine. Therefore, in the metal
support 1 according to the prior art, the contact portions
between the flat foil § and the corrugated foil 6 of the
honeycomb body 2 are bonded, and the outer periphery of
the metal honeycomb body 2 and the iner periphery of the
outer cylinder 3 are bonded, too.

Generally, the metal foil that constitutes the metal hon-
eycomb body mostly uses a high heat-resistant stainless steel
formed of Cr—Al—Fe. For, aluminum (Al) in the foil is
selectively oxidized on the surface to form Al,O;, improv-
ing thereby the oxidation resistance. Therefore, the Al
amount 1n the metal foil exerts significant influences on
durability of the metal support.

Bonding inside the metal honeycomb body 1s executed by
fixing a N1 type powdery brazing material to the contact
portions between the flat metal foil and the corrugated metal
fo1l through an organic material such as a binder, and
conducting a brazing treatment inside a vacuum furnace. In
this case, Al 1n the metal foils tends to combine extremely
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2

strongly and firmly with N1 1n the brazing material, and Al
segregates near the brazing portion. On the other hand, Al 1n
the proximity of the segregation portion becomes lean. In
consequence, the oxidation resistance 1s deteriorated locally
and 1nvites a problem 1n durability. Furthermore, the brazing
material 1s extremely expensive from the aspect of the
production cost, and impedes the supply of economical
metal supports to users.

Therefore, several methods of producing the metal sup-
port without using the brazing material have been proposed.
For example, Japanese Unexamined Patent Publication
(Kokai) No.1-266978 discloses a method of producing a
metal honeycomb body by bonding a metal flat foil and a
metal corrugated foil by a solid phase diffusion bonding
method at a treating temperature of 1,200° C. (850 to 1,200°
C. in claims) and a vacuum of 107° Torr (10~ to 107° Torr
in claims). However, this method has failed to secure
durability that i1s required for an exhaust gas. Since this
reference does not describe the treating time and the Al
amount after the treatment, the relationship of these factors
to an exhaust gas purification performance 1s not clear,
cither. On the other hand, Japanese Unexamined Patent
Publication (Kokai) No. 5-168947 proposes a method that
conducts the treatment at a high temperature (1,400° C.).
However, since this method uses a jig for preventing Al
evaporation, the method 1s not completely free from prob-
lems from the aspects of productivity and production cost.

Generally when diffusion bonding 1s executed, materials
to be bonded are brought into close contact with each other,
and a surface pressure 1s always applied to them during
heating, too, by using a press device or a weight. However,
it 1s not possible to apply, from the outside, such a surface
pressure to the metal honeycomb body 2 wound spirally as
described above. Therefore, the surface pressure 1s applied
during winding by applying a back-tension to the flat foil §
in a direction of arrow A as shown 1n FIG. 2, or by inserting
the honeycomb body 2 into the outer cylinder 3 and then
reducing the diameter of the outer cylinder 3.

However, back-tension during the-winding operation can-
not apply a sufficient surface pressure to the outer peripheral
portion of the metal honeycomb body 2, and contraction of
the diameter of the outer cylinder 3 cannot provide a
sufficient surface pressure, either. Even when they are used
in combination, the surface pressure cannot be applied
suificiently to the intermediate portion between the center of
the honeycomb body 2 and its outer peripheral portion. It the
back-tension 1s raised in order to 1impart the surface pressure.
necessary for the intermediate portion, the vent holes 4 at the
center undergo buckling. If the contraction ratio 1s raised, on
the other hand, the vent holes at the outer peripheral portion
undergo buckling.

To solve this problem, the inventors of the present mnven-
fion have found that diffusion bonding can be achieved
satisfactorily from the center to the outer peripheral portion
by reducing the surface coarseness of the flat foil § and the
corrugated foil 6, and applying the back-tension and con-
ducting contraction of the outer cylinder diameter to such a
range 1n which the intermediate portion of the metal hon-
eycomb body 2 does not undergo buckling. Consequently,
the present mnvention sets the surface coarseness of the flat
fo1l § and the corrugated foil 6 to 0.001 um to 0.2 um in
terms of the mean coarseness (Ra). The present inventors

have described this proposal in Japanese Unexamined Patent
Publication (Kokai) No. 8-38912.

This prior art reference limits the surface coarseness of
the flat foil 5 and the corrugated foil 6 to 0.001 to 0.2 um 1n
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terms of mean coarseness Ra, but does not mention the
measuring direction of the surface coarseness. The reference
also limits the contact width of the flat foil 5 and the
corrugated foil 6 to at least 30 um 1n the length-wise
direction. According to an Example of this reference, when
the contact width of the flat foil and the corrugated foil 1s 20
um, contact defects occur even when Ra 1s 0.1 um.

According to observations by the present inventors, dura-
bility of the diffusion bond portion 1s not sufficient if the
surface coarseness measured in the crossing direction (D
direction) is great even though the surface coarseness mea-
sured 1n the longitudinal direction of the belt-like flat foil 5
and the corrugated foil 6 1s within the range described above.

Japanese Unexamined Patent Publication (Kokai) No.
5-131144 proposes the construction in which each of the
peak and the valley of each corrugation of the corrugated foil
6 defines a parallel portion having a width greater than the
fo1l thickness, and after this corrugated foil 6 1s superposed
with the flat foi1l §, both foils are wound spirally so as to
bring them into planar contact, and thereafter the foils are
diffusion-bonded to improve the bonding strength.

The technology of Japanese Unexamined Patent Publica-
tion (Kokai) No, 8-38912 described above reduces the
surface coarseness of the flat foil § and the corrugated foil
6 and limits the contact width to at least 30 um. However,
concrete examples of the contact width are 30 um and 200
um that are disclosed mm Examples. Incidentally, this refer-
ence does not mention the measuring direction of the surface
coarseness. According to the observation of the present
mventors, even when the surface coarseness of the belt-like
flat fo1l 5 and the corrugated foil 6 falls within the range
described above, durability of diffusion bonding i1s not
sufficient even at a contact width of 200 um, 1f the surface
coarseness measured in the crossing direction (D direction)
1s great.

In the technology proposed in Japanese Unexamined
Patent Publication (Kokai) No. 5-131144 mentioned above,
the parallel portion 1s formed on each corrugation of the
corrugated wave 1n order to bring the flat foil § and the
corrugated foil 6 into surface contact. However, the refer-
ence stipulates only that the width of the parallel portion be
at least the foil thickness, but does not describe the concrete
siZe.

Furthermore, as to heating at the time of diffusion
bonding, high temperature heating at 1,250° C. or above has
been employed 1n the past, but diffusion bonding at a lower
temperature has also been desired.

Generally, when the catalyst support 1s used while being
mounted and fixed to the exhaust gas system of the auto-
mobile engine, for example, the catalyst support receives
vibration during the engine operation and 1s heated by the
exhaust gas and by the catalytic reaction. It 1s rapidly heated
at the start of the engine and at the time of acceleration, and
1s rapidly cooled at the time of braking and stopping. In this
way, the heat cycle of rapid heating—rapid cooling 1s
repeated during driving, and the metal support expands and
shrinks with such a heat cycle.

When the metal support 1s rapidly heated, the center
portion of the metal honeycomb body, at which the flow
velocity of the exhaust gas 1s the highest, 1s heated most
rapidly. Therefore, the temperature difference 1s created with
the outer cylinder exposed to the atmosphere and the outer
peripheral portion of the metal honeycomb body keeping,
touch with the outer cylinder. Owing to this temperature
difference, the stress resulting from the difference of heat
expansion concentrates on the bond portion near the outer
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4

peripheral portion of the metal honeycomb body or on the
bond portion between the metal honeycomb body and the
outer cylinder, 111V1t111g breakage, buckling or peelmg When
the metal support 1s rapidly cooled, a temperature difference
occurs between the center portion of the metal honeycomb
body, the temperature of which drops with the drop in
temperature of the exhaust gas, and the outer peripheral
portion of the metal honeycomb body, the temperature drop
of which 1s retarded. The stress resulting from this difference
of heat expansion concentrates at the portions near the outer
peripheral portion of the metal honeycomb body and 1nvites
similarly breakage, buckling and peeling.

To cope with the problems described above, a method has
been proposed which bonds only a part of the contact
portions between the flat foil and the corrugated foil of the
metal honeycomb body, or bonds them while leaving a part
of the contact portion unbonded, 1n order to mitigate the
stress concentration resulting from the difference of heat
expansion and to improve durability. Japanese Unexamined
Patent Publication (Kokai) No. 5-131144, for example,
applies a bonding-preventing agent to a predetermined por-
tion of the corrugated foil having parallel portions of a
predetermined width greater than the foil thickness at the
peak and valley of each corrugation, and winds the corru-
cgated foil 1n superposition with the flat foil so that only
desired portions of both foils can be diffusion-bonded
strongly and firmly. Japanese Unexamined Patent Publica-
tion (Kokai) No. 7-328778 applies a diffusion-preventing,
agent to predetermined portions of the flat foil, and winds
the flat foil 1n superposition with the corrugated foil so that
only predetermined portions of both foils can be diffusion-

bonded.

As another counter-measure, Japanese Unexamined
Patent Publication (Kokai) No. 8-229411 describes a method
of mitigating the stress concentration by partially bonding
the metal honeycomb body and the outer cylinder. The bond
portions between the metal honeycomb body and the outer
cylinder are limited to the portions that have high diffusion-
bonding strength 1n the axial direction of the metal honey-
comb body, and the rest portions are left as the unbonded
portion 1n order to prevent the occurrence, and growth, of
cracks 1n the axial direction of the metal honeycomb body.
A plurality, and a suitable number, of unbonded portions are
disposed 1n the spaced-apart relation from the outermost
periphery to the metal honeycomb body opposing the reg-
istration portions in order to prevent the growth of the cracks
in the diametric direction of the metal honeycomb body.

Japanese Unexamined Patent Publication (Kokai) No.
5-131144 described above discloses concretely the metal
supports having two kinds of structures. In the first structure,
the several turns of the outer peripheral portion of the metal
honeycomb body and the portion on the upper end face are
diffusion-bonded with the center portion on the lower end
face side being left unbonded. In the second structure, the
several turns of the outer peripheral portion of the metal
honeycomb body and the portions on both upper and lower
end face sides are diffusion-bonded with the remaining
center portion beimng left unbonded.

The inventors of the present invention have conducted
cooling-heating durability tests by ordinary rapid heating—
rapid cooling cycles by actually mounting the metal supports
having two kinds of structures described 1n Japanese Unex-
amined Patent Publication (Kokai) No. 5-131144 described
above to the exhaust system of the gasoline engine. As a
result, the present mnventors have confirmed that the metal
supports have excellent durability, but they are not entirely
satisfactory in cooling-heating durability tests under a severe
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condition of between a high temperature of 950° C. or above
and 150° C., for example.

The metal support described concretely in Japanese Unex-
amined Patent Publication (Kokai) No. 8-229411 does not
have satisfactory durability, either, in the cooling-heating
durability test under such a severe condition.

The technology described in Japanese Unexamined Patent
Publication (Kokai) No. 7-328778 indicates that bonding at
the unbonded portions can be prevented more reliably by
applying the diffusion-preventing agent to the flat foil than
to the corrugated foil. However, this reference does not
describe concretely at which portions the unbonded portions
are to be formed.

As another counter-measure for preventing breaking,
buckling and peeling of the metal support due to expansion
and shrinkage mside the honeycomb body resulting from the
heat cycle of rapid heating—rapid cooling described above,
Japanese Unexamined Utility Model Publication (Kokai)
No0.3-61113 proposes a method which elongates the flat foil
constituting the metal honeycomb body, winds 1t round the
honeycomb body in such a manner as to form a multi-
layered structure of the flat foil, and fuses the distal end
portion of this flat foil to the outer cylinder. In this way, the
device of this reference absorbs the expansion and shrinkage
resulting from the heat cycle by the multi-layered structure
of the flat foil, increases the bonding strength with the outer
cylinder, and prevents the occurrence of clearance and
cracks on or m the proximity of the outermost peripheral
portion of the metal honeycomb body.

Another reference, 1.e. Japanese Unexamined Utility
Model Publication (Kokai) No. 5-9638, proposes a technol-
ogy for improving outer shape accuracy of a metal support
formed by laminating alternately flat sheets and corrugated
sheets to form a layered member, and bending the layered
member 1to an S shape, by elongating at least one of the
corrugated sheet and the flat sheet constituting the layered
member to a length greater than the length of the other of the
corrugated sheet or flat sheet, and winding this extra-length
portion round the outermost periphery.

A catalyst converter exhibits its function in the reaction
for rendering detrimental gases in the exhaust gas nontoxic
only when the temperature exceeds the activation tempera-
ture of the catalyst. Therefore, heating of the catalyst con-
verter 1s preferably made as rapidly as possible. It 1s advan-
tageous for accomplishing this object to introduce the high
temperature exhaust gas by fitting the catalyst converter near
the engine, and to heat 1t rapidly to a high temperature.
However, the problem of the difference of heat expansion
becomes more remarkable under this high temperature rapid
heating.

According to the technologies described 1n Japanese
Unexamined Utility Model Publication (Kokai) Nos.
3-61113 and 5-9638, the layers of the flat fo1l or the layers
of the corrugated foil are not mutually bonded in the layered
structure of the flat foil and the corrugated foil wound on the
metal honeycomb body. Therefore, durability 1s not always
satisfactory under the severe condition where the catalyst
converter 1s fitted near the engine and 1s heated more rapidly
to a higher temperature.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a metal honeycomb body that 1s more advantageous than the
prior art devices 1n all aspects of exhaust gas purification
performance, engine durability and the production cost, by
stipulating first the foil thickness, stipulating next the heat-
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treatment condition of solid phase diffusion bonding, and
insuring sufficient mutual bonding of stainless steel foils,
particularly, Al-containing high heat-resistant ferrite type
stainless steel foils.

It 1s another object of the present invention to 1improve the
surface condition of the metal foils in order to advanta-
geously execute solid phase diffusion bonding of the metal
foils of a metal honeycomb body.

It 1s another object of the present invention to 1improve the
shape of the contact portions between the metal foils 1in order
to reliably execute solid phase diffusion bonding between
the metal foils of the honeycomb body.

It 15 still another object of the present invention to provide
a metal support that enables the metal honeycomb body to
withstand the severe condition of rapid heating—rapid cool-
ing heat cycles by the exhaust gas.

Hereinafter, means for accomplishing the objects
described above will be explained.

The first feature of the present invention resides 1n a
honeycomb body comprising a flat foil and a corrugated foil
cach formed of an Al-containing ferrite type stainless steel,
wherein the thickness of at least one of the flat foil and the
corrugated foil 1s limited to less than 40 um, preferably 10
to 35 um, and at least the portions of the foils that are
subjected to mutual solid phase diffusion bonding contain at
least 3.0 wt % of Al, and resides also 1n a method of
producing a honeycomb body by heat-treating such a hon-
eycomb body at a treatment temperature of 1,100 to 1,250°
C. for a treatment time of 30 to 90 minutes and to a vacuum
of 3x10™" to 5x10™> Torr upon arrival at the treatment
temperature, subjecting the contact portions between the flat
fo1l and the corrugated foil of the honeycomb body to solid
phase diffusion bonding, and producing the honeycomb
body.

In other words, the foil thickness of the metal honeycomb
body 1s limited to the foil thickness described above and the
metal honeycomb body 1s heat-treated under the heat-
freatment condition described above. In consequence,
microscopic deformation occurs on the foil surface to such
an extent as to fill unevenness on the surface of the foils, and
macroscopic deformation 1s generated by deforming the top
portions of the corrugated foil along the flat foil so as to
drastically increase the contact areca and to drastically
improve solid diffusion bondability.

If the metal honeycomb body contains 3 to 10% of Al
even after the heat-treatment described above, the amount of
Al consumed during driving of the car (during the engine
durability test), that is, about 3.0%, can be contained at the
fo1l thickness of 10 um even when the heat-treatment
described above 1s applied to the metal honeycomb body. In
consequence, durability can be improved.

In the metal honeycomb body, the second feature of the
present 1vention resides in a metal honeycomb body,
wherein the surface coarseness or roughness of the flat foil
and the corrugated foil formed of the Al-containing ferrite
type stainless steel 1s 0.001 to 0.3 um 1n terms of the mean
coarseness or roughness Rac 1n the direction of vent holes of
the honeycomb body (in the width-wise direction of the
foils), and/or the surface shape and condition or surface
texture of the foils 1s at least 100 1n terms of the number of
peaks PPI per inch length 1n the direction of the vent holes,
and the contact portions between the foils are bonded by
diffusion bonding. Such diffusion bonding i1s preferably
carried out at 1,100 to 1,250° C. As used 1n the specification,
the term surface coarseness 1s synonymous with the term
surface roughness. As used in the specification, the term
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surface shape and condition 1s synonymous with the term
surface texture.

Such a surface condition of the foils can improve the
diffusion bonding ratio of the bond portions, and can sup-
press the evaporation of the heat-resistant alloy elements of
both foils because the diffusion bonding temperature 1s as
low as 1,250° C. or below. The foil thickness is not limited,
in particular. Particularly when the foil thickness 1s less than
40 um, however, the heat-treatment time can be shortened
and the heat-treatment temperature can be lowered. Also,
because the time for reaching the catalyst activation tem-
perature (300 to 350° C.) can be shortened, 1nitial purifica-
tion performance can be 1mproved.

The honeycomb body described above 1s produced by the
steps of corrugation-machining a belt-like flat foil having a
surface coarseness of 0.001 to 0.3 um 1n terms of the mean
coarseness 1n the width-wise direction and/or having a
number of peaks PPI of at least 100 per inch length 1n the
width-wise direction, so that the ridgeline of each corruga-
fion extends 1n the width-wise direction, superposing the
corrugated foil with the flat fo1l, winding them spirally into
a honeycomb body, and heat-treating the honeycomb body
at a temperature within the range of 1,100 to 1,250° C. so as
to bond the contact portions between these foils by diffusion
bonding.

In the honeycomb body, the third feature of the present
invention resides 1n the honeycomb body wherein the width
of the contact portions between a belt-like flat foil and a
corrugated foil, each formed of an Al-containing ferrite type
stainless steel, 1n the longitudinal direction, 1s at least five
times the thickness of each of the flat foil and the corrugated
fo1l, and these foils are bonded by diffusion bonding.
Preferably, back-tension of 0.2 to 1.5 kgf/cm per unit width
of the flat foil, which 1s lower than 1n ordinary cases, 1s
applied to the flat foil.

In the metal honeycomb body having such a construction,
the contact width between the flat fo1l and the corrugated foil
exceeds a specific width. Therefore, the metal vapor of Al,
etc, fills the clearance of the contact portions between both
foils, inhibits invasion of oxygen, and suppresses oxidation
of Al,O,, etc, 1n the contact boundary. Consequently, the
contact portions can be diffusion-bonded without particu-
larly elevating the surface pressure.

The foil thickness 1n this case 1s not limited, in particular,
in the same way as 1n the case of the “second feature™.

The metal honeycomb body described above 1s produced
by the steps of forming a parallel portion having a width at
least five times the foil thickness at each of the top and valley
of each corrugation of the belt-like corrugated foil, super-
posing the corrugated foil with the belt-like flat foil, and
winding them spirally mto the honeycomb body while
applying back-tension of 0.2 to 1.5 kgf/cm per unit width of
the flat foil, to the flat foil. This honeycomb body is
heat-treated at a vacuum heat-treatment temperature of
1,100 to 1,250° C. and preferably at a temperature T
satistying the following relation, in accordance with the
mean coarseness Rac (um) of the flat foil in the width-wise
direction:

10%(T+273)=-0.43 log Rac+6.43

Therefore, the diffusion bonding effect can be further
obtained by using the foils having the surface coarseness
described 1n the “second feature” described above.

In the metal honeycomb body comprising foils formed of
an Al-containing ferrite type stainless steel, the fourth fea-
ture of the present invention resides 1n the construction
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wherein a unbonded portion, at which the contact portion of
the flat foil and the corrugated foil 1s not bonded, 1s formed
at one or more positions that are spaced apart by at least 12
of the radius from the center axis of the metal honeycomb
body and inside the outer periphery, 1n such a fashion as to
extend from one of the ends on a gas exit side, as a start
point, to a position falling within the range of length of %20
to %10 of the full length of the metal honeycomb body 1n the
direction of the center axis, as an end point, to cover at least
one turn round the full periphery, and the rest of contact
portions between the flat foil and the corrugated foil are
bonded by solid phase diffusion bonding.

Preferably, the bonded portion having a length not greater
than % of the full length 1n the longitudinal direction of the
metal honeycomb body 1s formed 1n the boundary between
the metal honeycomb body and the outer cylinder with a
position, that is spaced apart by at least '3 of the full length
of the metal honeycomb body 1n the axial direction from one
of the ends on a gas entry side being as the start point
towards the other end on a gas exit side being an end point,
and the rest of the portions of the boundary are unbonded
portions.

When the unbonded portion 1s formed 1nside the metal
honeycomb body under such a condition, the metal foil
portions existing on the side of the center axis from the
unbonded portion undergo shrinkage towards the gas exit
side 1n accordance with the rapid heating—rapid cooling
cycle by the exhaust gas, mitigating the stress concentration.
Consequently, the metal honeycomb body has excellent
durability to such a heat cycle. The foil thickness 1n this case
1s not particularly limited in the same way as in the “second
feature™.

To produce the metal honeycomb body, the diffusion-
preventing agent 1s applied to the unbonded portion, and
after the belt-like metal foils are wound, the diffusion
bonding treatment 1s carried out. In this case, after the
belt-like metal foils are wound to form the metal honeycomb
body, the honeycomb body 1s inserted into the outer cylin-
der. Then, after the brazing material 1s bonded to the bonding
portion and the diffusion-preventing agent 1s applied to other
positions, the diffusion bonding treatment can be carried out.

Therefore, the excellent metal support can be obtained by
forming the unbonded portion in the metal honeycomb body
described 1n each of the “first to third features” described
above.

The fifth feature of the present invention 1s that a shell 1s
formed by winding at least two turns a flat foil or a
corrugated foil round the outer periphery of a metal honey-
comb body comprising these flat and corrugated foils each
being formed of an Al-containing ferrite type stainless steel,
and the flat foils or the corrugated foils forming the shell are
bonded to one another.

The metal honeycomb body formed in this way 1s inserted
into the outer cylinder, and the foils are bonded mutually and
the outer peripheral surface of the foils and the inner
peripheral surface of the outer cylinder are bonded. In this
way, the metal support 1s produced, and a catalyst 1s sup-
ported to form a catalyst converter. When this catalyst
converter 1s used, a temperature difference occurs between
the metal honeycomb body and the outer cylinder depending
on the rapid heating and cooling cycles, and the stress
resulting from the temperature difference concentrates on or
near their boundary. However, the firm and integral shell can
prevent breaking of the metal honeycomb body. Therefore,
this metal support can improve durability against deviation
1n 1its axial direction.

The stress concentration occurring in the metal honey-
comb body can be drastically mitigated by firmly protecting
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the periphery of the metal honeycomb body having therein
the unbonded portions described 1n the “fourth feature”, by
the shell described above and consequently, higher durabil-
ity can be obtained against the deviation 1n the axial direc-
tfion of the honeycomb body. The foil thickness 1n this case
1s not particularly limited 1n the same way as in the case of
the “second feature™.

The metal support described above 1s produced by the
steps of winding further at least one turn a belt member of
the flat foil or the corrugated foil, that forms the metal
honeycomb body, round the outer periphery of the metal
honeycomb body described above, assembling the resulting
metal honeycomb body into the outer cylinder, conducting
the bonding treatment, diffusion-bonding the metal foils
constituting the metal honeycomb to one another and the
metal foils constituting the shell to one another, and brazing
the outer periphery of the shell and the outer cylinder by the
brazing material.

Diffusion bonding described above 1s executed by
vacuum heating treatment at a temperature within the range
of 1,100 to 1,250° C. However, the vacuum heat-treatment
is preferably carried out at a temperature (T°C.) within the
range given below in accordance with the foil thickness (t
um) of the metal honeycomb body. The foil thickness of the
metal honeycomb body is preferably less than 40 yum. When
the shell 1s formed by separately winding the foil belt, a foil
having a thickness of 50 to 100 um may be used:

1,100=T<1.7t+1,165

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view showing a metal support
according to the prior art as a whole.

FIG. 2 1s a perspective view showing a production
example of a metal honeycomb body that constitutes the
metal support shown 1 FIG. 1.

FIG. 3 1s a graph showing a vacuum treatment condition
(degree of vacuum: 1x10™* Torr) when at least 4% of Al
remains 1nside metal foils having a foil thickness of 5 0 um.

FIG. 4 1s a graph showing a vacuum treatment condition
(degree of vacuum: 1x10™* Torr) when at least 4% of Al
remains inside metal foils having a foil thickness of less than
40 um.

FIG. 5 1s a graph showing a vacuum treatment condition
(degree of vacuum: 1x10™" Torr) when at least 4% of Al
remains 1n metal foils having a foil thickness of less than 35
{m.

FIG. 6 1s a graph showing a heat treatment condition
where solid diffusion bonding takes place between flat foils
and corrugated foils of 50 um thickness.

FIG. 7 1s a graph showing a heat treatment condition
where solid diffusion bonding takes place between flat foils
and corrugated foils of less than 40 um thickness.

FIG. 8 1s a graph showing a heat treatment condition
where solid diffusion bonding take place between flat foils
and corrugated foils of not greater than 35 um thickness.

FIG. 9 1s a graph showing a heat treatment condition
where solid diffusion bonding takes place between flat foils
and corrugated foils and at least 4% of Al remains 1n both
foils 1n the case of foils of less than 40 um thickness.

FIG. 10 1s a graph showing a heat treatment condition
where solid diffusion bonding takes place between flat foils
and corrugated foils and at least 4% of Al remains 1n both
foils 1n the case of foils of less than 35 um thickness.

FIGS. 11(a) to 11(c) are enlarged explanatory views
showing various examples of the bonding state of the flat foil
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and the corrugated foil constituting a honeycomb body,
wherein FIG. 11(a) and FIG. 11(b) illustrate emphatically
the difference 1n foil thickness.

FIG. 12(a) shows a surface coarseness before a vacuum
heat-treatment and FIG. 12(b) shows the surface coarseness
after the vacuum heat-treatment.

FIG. 13 1s a graph showing the relation between a
heat-treatment temperature associated with surface diffusion
and a foil thickness.

FIG. 14 1s a partial enlarged perspective view of a metal
honeycomb body according to one embodiment of the
present 1nvention.

FIGS. 15(a) and 15(b) are conceptual views each showing
a bond portion between a flat foil and a corrugated foil 1n the

present invention, wherein FIG. 15(a) shows the state before
bonding and FIG. 15(b) does the state after bonding.

FIG. 16 1s a graph for explaining the reasons for limitation
of a surface coarseness Rac 1n the present invention.

FIG. 17 1s an explanatory view showing the coarseness of
the flat fo1l and the corrugated foil 1n an embodiment of the
present 1nvention.

FIG. 18 1s an explanatory view showing the coarseness of
the flat foil and the corrugated foil 1n another embodiment of
the present mvention.

FIG. 19 1s an explanatory view showing the coarseness of
the flat foil and the corrugated foil 1n a prior art example.

FIG. 20 1s a graph for explaining the reasons for limitation
of the surface coarseness PPI in the present invention.

FIG. 21 1s a front view showing an example of a bond
portion between the flat foil and the corrugated foil 1 the
metal honeycomb body in another embodiment of the
present 1nvention.

FIG. 22(a) 1s a side view showing an example of the shape
of a corrugated shape (trapezoidal curve) in an embodiment
of the present 1nvention.

FIG. 22(b) is a side view showing the shape of a corru-
gated foil (sine curve) in a prior art example.

FIG. 23 1s a graph showing the relation between a mean
coarseness representing a preferred condition of diffusion
bonding and a vacuum heat-treatment temperature 1 the
present 1vention.

FIG. 24 1s a graph showing the result of a cold push test
of an object material in the present invention.

FIG. 25 15 a sectional view of a metal support in another
embodiment of the present invention.

FIG. 26 1s a sectional view showing the deformation
condition when the metal support of the embodiment shown

in FIG. 25 1s used.

FIG. 27 1s a sectional view showing another example of
the metal support of the present invention.

FIG. 28 1s a sectional view showing still another example
of the metal support 1n the present invention.

FIG. 29 1s a sectional view showing the deformation
condition when another example of the metal support 1s used
in the present invention.

FIG. 30 1s a sectional view showing still another embodi-
ment of the metal support 1n the present ivention.

FIG. 31 1s a sectional view showing still another example
of the metal support 1n the present invention.

FIG. 32 1s a perspective view showing a method of
producing the honeycomb body of the metal support shown

in FIG. 25.

FIG. 33 1s a perspective view showing another example of
the method of producing the metal support 1n the present
invention.
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FIG. 34 1s a sectional view showing still another example
of the metal support 1n the present invention.

FIG. 35 1s a sectional view showing still another example
of the metal support 1n the present invention.

FIG. 36 1s a sectional view showing still another example
of the metal support 1n the present invention.

FIG. 37 1s a sectional view showing another still example
of the metal support 1n the present invention.

FIG. 38 1s a sectional view showing still another example
of the metal support 1n the present invention.

FIG. 39 1s a perspective view showing a method of

producing the honeycomb body of the metal support shown
in FIG. 36.

FIG. 40 1s a perspective view showing the method of
producing the metal support by inserting the honeycomb
body produced 1n FIG. 39 mnto an outer cylinder.

FIG. 41 1s a graph for explaining the relation between a
vacuum heat-treatment temperature and a foil thickness in
the metal support in the present invention.

FIG. 42 1s a block diagram of a push tester of the metal
support.

FIGS. 43(a) and 43(b) are schematic views showing the
extrusion shape of the honeycomb body of the metal support
obtained by the push test shown 1 FIG. 42, wheremn FIG.
42(a) shows the case where fall-off does not occur and FIG.
42(b) shows the case where fall-off occurs.

FIG. 44 1s a sectional view showing an example of the
metal support according to the prior art.

FIG. 45 1s a sectional view showing an example of the
metal support equipped with a shell according to the present
invention.

FIG. 46 1s a sectional view showing another example of
the metal support equipped with the shell according to the
present mvention.

FIG. 47 1s a sectional view showing another example of
the metal support not equipped with the shell as a compara-
five example.

BEST MODE FOR CARRYING OUT THE
INVENTION

Diffusion bonding used in the present invention attains
bonding as atoms diffuse, in a direction 1n which surface
energy 1s decreased, mainly on a contact surface between
two surfaces. Factors of this bonding condition include
surface treatment, coarseness of metal surfaces, treatment
temperature, treatment time, and pressure of bonding sur-
faces. In addition, mechanical and metallurgical factors of
the materials are also very important. Because the prior art
inventions mainly lay stress on the treatment temperature
and the temperature time, they are not free from metal
evaporation of Al.

In contrast, the first invention of this application
(hereinafter called the “present invention™) pays specific
attention to the mechanical factors of the materials. The
thicknesses of the metal foils of the metal honeycomb body
that constitutes the metal support are generally from 40 to
100 yum. It has been customary to apply a tension to the metal
flat fo1l when the flat foil and the corrugated foil are
superposed with each other and are wound. Therefore, when
the metal foils having such a foil thickness are wound and
diffusion-bonded, fitting becomes low at the contact portions
between the corrugated foil and the flat foil due to rigidity
resulting from the foil thickness. In consequence, creep of
the metal foils and mutual diffusion of the atoms do not
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occur readily during the diffusion bonding treatment, and the
satisfactory solid phase diffusion phenomenon does not
occur easily, either.

The present invention produces the honeycomb body by
the solid phase diffusion bonding method using a metal foil
having a foil thickness of less than 40 um for at least one of
the metal flat foil and the metal corrugated foil. When a
metal foil having a foil thickness of less than 40 ¢#m 1s wound
under a certain predetermined tension, the top portion of the
corrugated foil i1s crushed by the flat foil and undergoes
deformation. Because the flat fo1l also undergoes deforma-
tion along the corrugated foil, the area at the contact portion
between the flat foil and the corrugated foil becomes mac-
roscopically greater, so that the mutual diffusion phenom-
enon 15 promoted.

When a metal foi1l having a foil thickness of not greater
than 35 um is held at a temperature of 1,100° C. or more, the
volume of the base metal decreases. Consequently, the
quantity of surface energy brought forth by the surface
coarseness at the contact portion of both foils becomes
relatively greater. This surface energy serves in turn as the
driving force that creates diffusion of the atoms and causes
microscopic deformation to such an extent as to fill the
unevenness on the surfaces with the result of a drastic
increase of the contact area.

It has been recognized that macroscopic deformation and
microscopic deformation described above drastically
improve solid phase diffusion bondability 1 the metal foils
having a foil thickness of not greater than 40 um.

As the foil thickness exceeds 35 um and approaches 40
um, microscopic deformation of such an extent as to {ill the
surface unevenness decreases and the treatment time
becomes longer. When the foil thicknesses of both the flat
fo1l and the corrugated foil drop below 35 um, microscopic
deformation increases, and fitting of the contact portion can
be drastically improved with a shortening of the treatment
time. When the foil thickness 1s less than 10 #m, rigidity of
the foils during winding cannot be maintained. Because the
production of the foils themselves becomes difficult 1n this
case, the practical lower limit of the foil thickness 1s 10 um.
For these reasons, the thickness of both the flat foil and the
corrugated foil in the present invention 1s most preferably
within the range of 10 to 35 um.

Another feature of the present invention 1s that at least
3.0% of Al remains 1n the metal foils of the metal honey-
comb body. The inventors of the present invention have
carried out experiments by mounting a metal support pro-
duced from 5%Al—20%Cr—Fe high heat-resistant ferrite
type stainless steel foils (with a foil thickness of 10 um) to
an actual car and conducting approximately 100,000 km of
driving tests. The experimental result has revealed that the
Al content 1s 4.85% before the start of the test but falls to
0.96% after completion of the test. In other words, about
4.0% of Al 1s consumed during the durability test. The
absolute amount of Al 1n the metal foils changes with the
thickness of the foils, but the Al amount consumed during
the engine durability test is the same. Therefore, the smaller
the foil thickness, the durability becomes lower and the
service life becomes shorter. Furthermore, the mounting
position of the support 1s likely to be as close as possible to
the engine, 1n order to improve purification performance at
the start of the engine. This means that the environment of
use of the support has become more severe. Durability
against oxidation 1s affected by the thickness of the metal
foils, but the Al consumption amount of the foils having a
fo1l thickness of 10 um, that i1s practically the smallest
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thickness, 1s adopted as the reference. For these reason, the
present invention stipulates the condition that at least 3% of
Al remains 1n the metal foils of the support.

The present invention also limits the vacuum treatment
condition to a treatment time of 1,100 to 1,250° C., a
treatment time of 30 to 90 minutes and a degree of vacuum
of 3x10™* to 5x10™> Torr at the time of arrival at the
treatment temperature. The lower limit values are the con-
ditions for executing solid phase diffusion bonding, and the
upper limit values are the condition for allowing at least 3%
of Al to remain.

Hereinafter, the present invention will be explained fur-
ther concretely.

In a metal support 1 according to the present invention, a
metal honeycomb body 2 1s assembled 1nto an outer cylinder
3 made of a metal, as shown 1 FIG. 1. The metal honey-
comb body 2 1s formed by superposing a belt-like flat foil 5
made of a heat-resistant stainless steel with a belt-like
corrugated foil 6 obtained by subjecting the flat foil 5 to
corrugation working, with one another, and winding them
spirally, as shown 1n FIG. 2. A ridgeline 7 1s formed on each
corrugation of the belt-like corrugated foil 6 1n a width-wise
direction. The circular cylindrical metal honeycomb body 2
wound spirally has therefore a large number of vent holes 4
in the axial direction of the circular cylinder.

A ferrite type stainless steel containing 3 to 10% of Al and
15 to 25% of Cr as heat-resistant alloying elements, such as
20%Cr—5%Al—Fe steel, 1s used as the material of the
metal honeycomb body 2. Because the requirement for the
heat-resistance of the outer cylinder 3 1s not so high as for
the metal honeycomb body 2, a stainless steel not containing
the heat-resistant alloying elements such as Al may be used
for the outer cylinder 3.

When the metal flat foil and the metal corrugated foil
together constituting the metal honeycomb body are solid
phase diffusion-bonded, 1t 1s necessary to employ a vacuum
treatment condition under which Al 1n the metal foils does
not remarkably decrease. In the case of the metal support
produced from the foils (about 50 um thick) formed of the
20%Cr—5% Al—TFe high heat-resistant ferrite type stainless
steel, a vacuum treatment condition of a relatively high
temperature, relatively long time and a low vacuum has been
necessary 1n the past when the flat foil and the corrugated
fo1l are bonded by solid phase diffusion bonding. More
typically, the vacuum ftreatment has been conducted at
1,300° C. and a vacuum of 1x10~° Torr for 90 minutes.
Under such a vacuum treatment condition, however, Al 1n
the metal foils remarkably decreases (due to metal
evaporation) and this decrease is not desirable for the
durability of the metal support.

Therefore, the present inventors have examined for the
condition under which at least 3% of Al remains. The result
will be given next. FIG. 3 shows the result in the case of a
50 um foil, FIG. 4 shows the result of 36 to 39 um foils and
FIG. 5 shows the result of 10 to 35 um foils. According to
FIG. 3, 1t has been confirmed that at least 1% of Al
evaporates when the treatment is conducted at 1,250° C. or
above for at least 90 minutes (the condition indicated by x
in the graph). Next, the condition under which foils having
a thickness of at least 50 um 1s solid phase diffusion-bonded
was sought. FIG. 6 shows its result. It can be appreciated
clearly from FIG. 6 that the treatment temperature and the
treatment time of at least 1,290° C. and at least 90 minutes
are necessary. When the data shown 1n FIG. 3 1s taken into
consideration, too, 1t can be understood that the 50 um-thick
fo1l cannot be bonded by solid phase diffusion-bonding
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under the vacuum treatment condition under which at least
3% of Al remains 1n the metal foils. Incidentally, in FIGS.
3 to 5, symbol O represents the case where at least 3% of
Al remains and X represents the case where 3% or more of
Al does not remain. Solid line represents the boundary.

Similarly, the condition for solid phase diffusion bonding
1s examined for the case where either one of the corrugated
fo1l and the flat foil has a foil thickness of less than 40 um.
The result 1s shown 1n FIG. 7. The condition for solid phase
diffusion bonding, under which either one of the corrugated
fo1l and the flat fo1l has a foil thickness of less than 40 um
and under which at least 3% of Al remains 1n the metal fouils,
1s examined for by taking also the data of FIG. 4 mto
consideration. The result 1s shown 1n FIG. 9. According to
this result, a suitable condition can be obtained when the

treatment temperature is within the range of 1,220 to 1,250°
C. and the treatment time 1s within the range of 60 to 90

minutes 1n the case where at least one of the corrugated foil
and the flat foil has a foil thickness of less than 40 um.

Furthermore, the condition for solid phase diffusion bond-
ing 1s determined for the case where both of the corrugated
fo1l and the flat fo1l are less than 35 um thick. The result 1s
shown 1n FIG. 8. FIG. 10 shows the condition for solid phase
diffusion bonding under which both of the corrugated foil
and the flat foil are less than 35 um thick and at least 3% of
Al remains 1n the metal foils, by taking the result of FIG. 5
into consideration 1n combination with the result of FIG. 8.
According to this result, a suitable condition can be obtained
when the treatment temperature 1s within the range of 1,100
to 1,250° C. and the treatment time 1s within the range of 30
to 90 minutes.

Next, the reason why the present invention uses the metal
fo1ls having a thickness of less than 40 um are used will be
explained.

In the present invention, the metal foil having a thickness
of less than 40 um needs to be used for either one of the
metal flat foil and the metal corrugated foil. It 1s further
preferred, however, to use a foil less than 40 um thick,
particularly a foil less than 35 um thick, for both of the flat
fo1l and the corrugated foil. When a metal corrugated foil 6
less than 40 um thick and a metal flat foil § at least 40 um
thick, which 1s the same thickness as 1n the prior art, for
example, are wound under a predetermined tension to form
a honeycomb body as shown in FIG. 11(a), the top of the
corrugated foil 6 1s crushed by the flat foil 5 having rigidity.
In consequence, the contact areca between both {foils
increases, and adhesion between both foils becomes high.
On the contrary, when a metal flat foil 5 less than 40 um
thick and a metal corrugated foil 6 at least 40 um thick are
used as shown in FIG. 11(b), the flat foil undergoes defor-
mation along the tops of the corrugated foil having rigidity.
As a result, adhesion between both foils similarly becomes
high.

When both foils are less than 35 um thick and are held at
a high temperature of at least 1,100° C. as shown in FIG.
11(c), the level of surface energy that provides the surface
coarseness becomes relatively great at the contact portions
of both foils due to the decrease of the volume of the base
metal. It 1s estimated hereby that this surface energy func-
tions as the driving force for generating diffusion of the
atoms and causes microscopic deformation to such an extent
as to fill the roughness of the surface, so that the contact area
1s drastically increased.

To confirm this estimation, experiments regarding the
surface coarseness Ra are carried out 1n the following way.

Sharp stripe-like scratches, that profile the polishing
scratches of rolls of a rolling mill, exist 1n the foil surface
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before heat-treatment as shown in FIG. 12(a), and this
surface coarseness Ra 1s reduced by vacuum heat-treatment
as shown i FIG. 12(b). The temperature at which this
surface coarseness Ra reaches 0.1 um or below 1s deter-
mined. Incidentally, the surface coarseness 1s measured by a
contact type coarseness meter with a scanning distance of 3
m.

A raw material for the metal support 1s a 5%Al—
20%Cr—Fe steel with a foil surface coarseness Ra=0.1 um,
and metal foils having foil thickness of 10 to 60 um are
heat-treated at 1,200 to 1,300° C. and 1x10~> Torr. The
temperature at which the roll scratches on the foil surface

disappear due to surface diffusion after this heat-treatment 1s
determined. These results are shown 1n FIG. 13. It has been

confirmed from FIG. 13 that surface diffusion becomes
remarkable on the low temperature side when the foil
thickness 1s less than 35 um, that 1s, microscopic deforma-
fion occurs, and diffusion bondability can be i1mproved.
Incidentally, this effect can be observed similarly in the low
temperature region of up to 1,100° C.

It has been recognized that, in metal foils having a
thickness of less than 40 um, solid phase diffusion bond-
ability can be drastically improved due to macroscopic
deformation described above. When the foil thickness falls
below 35 um, microscopic deformation increases and {itting,

of the contact portions can be drastically improved, and the
freatment time becomes shorter.

When the foil thickness 1s less than 10 um, rigidity of the
fo1ls cannot be maintained during winding. In this case, a
problem occurs during the production of the honeycomb
body, and the production of the foils by themselves becomes
difficult, too. Therefore, the lower limit of the thickness of
the metal foils 1s llmlted to 10 um. For these reasons, the
thickness of both of the flat foil and the corrugated foil 1s
most suitably within the range of 10 to 35 um.

Next, another means for improving solid phase diffusion
bondability between the flat foil and the corrugated foil
constituting the metal honeycomb body will be explained as
the second 1nvention of the present application.

The second invention of the present application
(hereinafter called the “present invention”) relates to the
surface condition of the metal foil. One of the inventions
relates to the surface coarseness of the metal foil formed of
a ferrite type stainless steel for further improving exhaust
ogas purification performance particularly when the foil
thickness 1s less than 40 um.

As described above, the metal honeycomb body 1s pro-

duced by winding the flat foi1l § and the corrugated foil 6. For
example, an about 50 um thick belt-like flat foil 5 1s
produced by cold rolling, and a belt-like corrugated foil 6 1s
produced by subjecting such a flat foill 5 to corrugation
working.
Theretfore, 1n the metal honeycomb body 2, the direction
of the vent holes 4 defined by the flat fo1l and the corrugated
fo1l 6 cross orthogonally the rolling direction, that 1s, the
width-wise direction (C direction) of both metal foils, as
shown 1n an enlarged view of FIG. 14.

The 1nventors of the present invention have confirmed
that the mean coarseness Rac 1n the direction of the vent
holes 4 plays an extremely important role 1 diffusion
bonding both metal foils with each other.

In other words, the mean roughness Rac 1s defined as the
mean roughness measured 1n the direction crossings lines
along the rolling direction printed by cold rollers with
scratch lines on their surface.

FIG. 15 1s a microscopic conceptual view of the bond
portion between the flat foil 5 and the corrugated foil 6 of the
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metal honeycomb body 2 when the bond portion 1s viewed
from the direction crossing the vent holes 4, that 1s, 1n the
direction indicated by a white arrow in FIG. 14. Spaces
encompassed by coarseness curves of the flat foil and the
corrugated foil exist before bonding, as shown in FIG. 15(a).
Voids 8 resulting from these spaces occur after bonding as

shown in FIG. 15(b).

The bonding strength can be increased by decreasing the
number or the size of these voids 8. In other words, the
bonding strength can be 1improved by increasing a ratio of
the total length Xa1 of the bonding portions a to the full
length L of the contact portion in the width-wise direction of
the metal foils (called a “diffusion bonding ratio™).

Here, the diffusion bondmg ratio=2a1/LL can be deter-
mined by observing with a microscope the section of the
bond portion 1n the direction of the vent holes 4.

In the metal support according to the present invention,
the mean coarseness Rac in the C direction 1s limited to
0.001 to 0.3 um. Consequently, the height of the spaces
encompassed by the coarseness curves shown in FIG. 15(a)
1s lowered, diffusion bondability 1s improved at the contact
portions between the flat foil 5 and the corrugated foil 6, and
the voids 8 after bonding are decreased to improve the
diffusion bonding ratio. Therefore, high durability can be
improved when the metal support according to the present
ivention 1s used as the catalyst converter.

The section of the bond portion between the flat foil § and
the corrugated foil 6 of each metal honeycomb body pro-
duced tentatively by changing variously the means coarse-
ness Rac 1s observed through a microscope. Ditfusion bond-
ing is conducted at a vacuum of 10~* Torr and a temperature
of 1,250° C. for 90 minutes. As a result, it has been found
that the diffusion bonding ratio of at least 0.3 can be obtained
by limiting Rac to not greater than 0.3 um as shown 1n FIG.
16. It has been confirmed that no problem occurs 1n dura-
bility at the diffusion bonding ratio of at least 0.3 when the
catalyst converter 1s mounted to the automobile engine.
Burdens on the production conditions become great indus-
trially if Rac 1s limited to less than 0.001 um. Therefore, Rac
1s limited as described above.

Incidentally, black circle @ 1n FIG. 16 represents the
mean coarseness in the longitudinal direction (L direction)
of the belt-like flat and corrugated foils § and 6, and no
correlation can be observed at a coarseness of about 0.2 um
or below. FIGS. 17, 18 and 19 show the surface coarseness
curves when Rac=0.03 ym, 0.30 um and 0.41 um 1n FIG. 16,

respectively.

The surface coarseness 1s measured for the arithmetic
mean coarseness (Ra) stipulated by JIS B 0601-1994 in
accordance with JIS using a contact needle coarseness meter
stipulated by JIS B 0651-1976. In order to conduct precise
measurement by excluding the influences of foil
deformation, specific attention 1s paid to adhesion between
the sample material and a stool. The contact needle used has
a radius of curvature of 1 um at the tip, and measurement 1s
made with a cut-off value of 0.8 mm, a contact needle
scanning speed of 0.3 mm/sec and a gauge length of 4 mm.

Since the metal support according to the present invention
has excellent diffusion bondability as described above, 1t
becomes possible to lower the heating temperature to 1,250°
C. or below or to shorten the heating time. Therefore, even
when Al, etc, 1s contained 1n the foi1l material, evaporation of
these heat-resistant alloying elements can be suppressed,
and durability during the use as the catalyst converter 1s
excellent.

Next, still another invention relating to the surface con-
dition of the metal foils will be explained.
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This mvention has its feature 1n that the surface shape and
condition of the flat foil 5 and the corrugated foil 6 1s such
that the number of peaks per inch length PPI 1n the direction
of the vent holes 4 1s at least 100, and the contact portions
between the flat foil 5 and the corrugated foil 6 are bonded
by diffusion bonding.

The number of peaks per unit length, such as PPI, 1s not
stipulated as the surface coarseness by JIS. Therefore, the
present invention calls 1t the “surface shape and condition”.
Measurement can be made by a contact needle type coarse-

ness meter, and under the same condition as that of Rac
described above.

The metal support according to this mnvention limits PPI
in the C direction to at least 100 1n order to narrow the pitch
of the spaces encompassed by the coarseness curves in FIG.
15(a) and to improve diffusion bondability at the contact
portions between the flat foil § and the corrugated foil 6. The
volds 8 after bonding are decreased in order to 1improve the
diffusion bonding ratio. Therefore, durability during use as
a catalyst converter 1s excellent 1n the same way as 1n the
invention of the surface roughness described above.

The section of the bond portion between the flat foil 5 and
the corrugated foil 6 of each of the metal honeycomb bodies
produced tentatively at various PPIs 1s observed through a
microscope. Diffusion bonding 1s conducted at a vacuum of
10~* Torr and a temperature of 1,250° C. for the retention
fime of 90 minutes. As a result, the diffusion-bonding ratio
of at least 0.3 can be secured by setting PPI to at least 100
as shown 1n FIG. 20. Incidentally, though the upper limait of
PPI 1s not limited, in particular, the range that can be
employed without remarkably increasing the burdens to the
industrial production 1s up to about 2,000.

Since the metal support of this invention has excellent
diffusion bondability as described above, evaporation of the
heat-resistant alloying elements such as Al can be sup-
pressed during heating of the diffusion bonding treatment
and hence, the durability 1s excellent.

Therefore, 1n this invention of the surface condition of the
metal foil, the surface coarseness of the flat and corrugated
foils 5 and 6 1s preferably 0.001 to 0.3 um 1n terms of the
mean coarseness 1n the direction of the vent holes 4. The
surface shape and condition of the flat and corrugated foils
5 and 6 1s preferably such that the number of peaks per inch
length PPI 1n the direction of the vent holes 4 1s at least 100.
Under such a condition, diffusion bondability can be much
more 1mproved, the diffusion bonding ratio can be further
improved, evaporation of the heat-resistant alloying ele-
ments can be much more suppressed, and the durability of
the metal support becomes higher.

To obtain the flat foil § having the surface coarseness
described above, work rolls having a small mean coarseness
in the roll length-wise direction are used for cold rolling. The
work rolls are worn out 1n the course of rolling and their
surface coarseness becomes small. For this reason, the mean
coarseness 1n the length-wise direction need not be kept
always below 0.3 um, and 1t 1s only necessary that the mean
coarseness 1s not greater than 0.3 ym 1n at least the condition
immediately before final pass rolling. The flat foil §
described above can be obtained by managing the work rolls
in accordance with the number of passes of finishing rolling
and a reduction ratio.

To obtain the flat foil 5 having the surface shape and
condition described above, a work roll having a small PPI
value 1n the longitudinal direction of the roll 1s used for cold
rolling. Since the work roll 1s worn out during rolling as
described above, the PPI value in the longitudinal direction
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need not always be set to at least 100, and may be at least
100 under the condition before at least the final pass rolling.
The flat foil 5 can be obtained by managing the work roll in
accordance with the number of passes of fining rolling and
with the reduction ratio.

The flat foi1l and corrugated foil having the surface con-
dition described are superposed and wound spirally with
cach other, giving the honeycomb body. The honeycomb
body so produced 1s fitted into the outer cylinder, and 1s then
heated in vacuum (degree of vacuum of 3x10™* to 5x107>
Torr), or in a non-oxidizing atmosphere, at a temperature
within the range of 1,100 to 1,250° C. for a retention time
of 30 to 90 minutes so as to execute the diffusion bonding
treatment.

According to the present invention, the diffusion bonding
ratio of the bond portion between both foils can be 1mproved
and evaporation of the heat-resistant alloying elements can
be suppressed. Therefore, when the metal support 1s used for
the catalyst converter, its durability can be 1mproved
remarkably.

Next, still another means for improving solid phase dif-
fusion bondability between the flat foil and the corrugated
fo1l will be explained as the third mmvention of the present
application.

The third invention of the present application (hereinafter
called the “third invention™) stipulates the width of the
contact portion between the flat foil and the corrugated foil.
This third 1nvention can impart a sufficient bonding strength,
even when the honeycomb body 1s formed by winding the
flat foil and the corrugated foil by applying a back-tension
of 0.2 to 1.5 kef/cm per unit width of the flat foil, that 1s
smaller than ordinary back-tension, to the flat foil.

In the honeycomb body according to this invention, the
contact width W between the flat foil 5 and the corrugated
fo1l 6 1n the length-wise direction 1s set to at least five times
the thickness t of the flat and corrugated foils § and 6 as
shown in FIG. 21. The honeycomb body 1s formed by
diffusion-bonding this contact portion 9.

The contact width W can be formed to a width greater
than at least 5 times the foil thickness t by, for example,
forming the trapezoidal wave 1n the corrugated foil 6 as
shown in FIG. 22(a). In other words, parallel portions 10
having a width at least 5 times the foil thickness t may be
formed at the top and the valley of the corrugated wave. As
the contact width W 1s provided with a width of at least 5
times the foil thickness t as shown 1 FIG. 21, each contact
portion 9 can be sufficiently diffusion-bonded without par-
ticularly elevating the surface pressure.

Next, the reasons will be observed. Diffusion bonding 1s
ciiected by heating 1nside a vacuum furnace. However, the
flat foil 5 and the corrugated foil 6 are oxidized by residual
oxygen at an ordinary degree of vacuum of about 10~ Torr.
The present inventors have confirmed the formation of
Al,O,; on the foil surface when the foil formed of a ferrite
type stainless steel containing Al as the heat-resistant alloy-
ing element is heated to 1,250° C. at a degree of vacuum of
about 2x10™* Torr. This phenomenon indicates that the
oxygen exists 1n the heating atmosphere and the metal vapor
of Al, etc, occurs from the foil during vacuum heating and
1s oxidized.

If the contact width W between the flat foil § and the
corrugated foil 6 1s small, as 1n the prior art devices, oxygen
flows 1nto the contact portion. In consequence, Al,O; 1s
formed 1n the contact boundary, functions as a barrier and
presumably impedes diffusion bonding. When the contact
width W 1s expanded to the width at least 5 times the foil
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thickness t, however, the metal vapor of Al, or the like, fills
up the space between both foils at the contact portion and
restricts the formation of Al,O; 1n the boundary interface.
Therefore, diffusion bonding i1s presumably effected 1 a
satisfactory way 1n the present invention without particularly
clevating the surface pressure. For these reasons, the metal
support according to the present invention limits the width
W of the contact portion 9 between the flat foil § and the
corrugated foil 6 to 5 to 50 times the foil thickness t.

As described above, 1t 1s not necessary 1n the metal
support according to the present invention to elevate par-
ticularly the surface pressure at the contact portion 9
between the flat foil 5 and the corrugated foil 6. When the
belt-like flat foil 5 and the belt-like corrugated foil 6 are
superposed and wound as shown 1n FIG. 2, the back-tension
applied to the flat foil 5 1n the A direction can be reduced 1n
comparison with the prior art devices. Consequently, pos-
sible buckling of the vent holes 4 of the metal honeycomb
body 2 at the time of winding can be eliminated. After such
a metal honeycomb body 2 1s fitted into the outer cylinder 3,
the reduction of the diameter of the outer cylinder 3 for
imparting the surface pressure 1s not necessary.

As described above, the metal support according to the
present invention has high diffusion bondability of the
contact portion 9 between the flat foil § and the corrugated
fo1l 6, and the diffusion bonding ratio of the bond portion is
high. In other words, a diffusion bonding ratio of at least 0.3
can be obtained.

According to the present invention, heating at the time of
diffusion bonding can be carried out at a temperature within
the range of 1,100 to 1,250° C. Preferably, however, the
vacuum heat-treatment for diffusion bonding can be carried
out at a temperature T (°C.) within the range that satisfies the

following relational formula 1n accordance the mean coarse-
ness Rac (¢m) in the width-wise direction of the flat foil S:

(1)
Here, Rac represents the mean coarseness measured 1n the
width-wise direction of the flat foil 5, that 1s, in the C
direction shown 1n FIG. 2.

If the thickness of the belt-like flat foil § 1s less than 40
um, exhaust gas purification performance can be particularly
improved, but the foil thickness may be greater than this
value, for example, about 50 um. Since the foil 1s produced
by cold rolling, stripes are generally observed on the surface
of the foils in the rolling direction, as described above.
Therefore, approval/rejection of diffusion bonding 1s judged
by changing the vacuum heat-treatment temperature T for
samples having different surface coarseness in the direction
crossing these stripes, that 1s, 1n the C direction shown in
FIG. 2. As a result, the samples falling within the range
satisfying the formula (1) given above provide the good
results as shown 1 FIG. 23.

The approval/rejection judgement 1s carried out by the
cold pushing test. Symbol O represents approval and sym-
bol @ represents rejection. The cold pushing test 1s con-
ducted by placing the metal support 1 on the table of the
pushing tester shown 1n FIG. 42, pushing a punch equipped
with a load cell, and recording a stroke-load curve as shown
in FIG. 24. Approval/rejection can be judged from obser-
vation of the deformation portion after pushing and from the
shapes of the curves. The samples, in which deviation
resulting from inferior bonding does not occur 1n the metal
support 1, describe the curves represented by solid line, and
are judged as being approved. The samples in which the
deviation occurs at the bond portion describe the curves
represented by broken lines, and are judged as being
rejected.

10%(T+273)<-0.43 log Rac+6.43
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When the diffusion bonding treatment 1s carried out at the
vacuum heat-treatment temperature T 1n accordance with the
surface coarseness Rac of both the flat foll 5 and the
corrugated foil 6 as described above, the diffusion bonding
ratio of the resulting metal support can be stably improved,
and evaporation of the heat-resistant alloying elements such
as Al can be stably suppressed.

Incidentally, higher diffusion bondability can be obtained
by using the metal foils having the surface coarseness Rac
stipulated by the second invention of the present application
for this invention.

The heat-treatment condition for conducting diffusion
bonding may be the same as that of the second invention.

To shape the corrugated foi1l 6 by machining the flat foil
5, a corrugating gear 1s generally used. To form the parallel
portion at the top and the valley of each wave of the
corrugated foil 6 as shown in FIG. 22(a), a corrugating gear
having a greater radius of curvature at the tip or a corrugat-
ing gear having a flat distal end may be used.

Next, the mvention relating to a metal support that 1s
excellent in durability and capable of withstanding the
cycles of rapid heating and rapid cooling by the exhaust gas
of the automobile engine and vigorous vibration from the
engine will be explained as the fourth invention of the
present application (hereinafter called the “present
invention™).

Needless to say, when the present invention 1s applied to
the support of each of the inventions described above, a
support having more excellent durability can be obtained.

As one of the technologies for improving durability of the
metal support of the present invention, the invention will be
explained that forms unbonded portions 11, at which the
contact portions between the flat foil 5 and the corrugated
fo1l 6 are not bonded, inside the metal honeycomb body
shown 1n FIG. 25.

Referring to FIG. 25, at least one (two, in the drawing) of
the unbonded portion 11 1s formed at a position spaced apart
by a predetermined distance from the center axis S of the
metal honeycomb body 2 1n such a manner as to extend in
a distance within a predetermined range and at least one turn
around the outer periphery.

The unbonded portion 11 is formed at a position inside the
outer periphery that 1s spaced apart by at least % of the radius
R of the metal honeycomb body 2 from the center axis S. In
other words, two unbonded portions 11 1n FIG. 25 satisty the
relation R/’2=R,ZR, R/2=R,/ZR. The range of length of the
unbonded portions 11 starts from the end of the metal
honeycomb body 2 on the gas exit side, and ends up at the
point having a distance of %20 to %10 of the total length L of
the metal honeycomb body 2 1n the axial direction, inside the
honeycomb body 2 from the start point. In FIG. 25, when the
oas enters the honeycomb body 2 from above in the direction
indicated by white arrow and 1s discharged downward, the
range of length 1s 91.,/20=H,=91./10, 91/20=H, =9L/10.

The metal support according to the present invention has
the honeycomb body unbonded portion 11 that 1s limited as
described above. Therefore, when the metal support is
mounted to, and used in, the exhaust gas system of the
automobile engine, 1t has excellent durability against the
rapid heating and rapid cooling cycles due to the exhaust
oas.

In other words, the center portion of the metal honeycomb
body 2 1n the diametric direction 1s quickly heated by the
high temperature exhaust gas and by the catalytic reaction at
the start of engine and acceleration. Even when the tem-
perature difference from the outer peripheral portion
becomes great in this case, the center axis side (S) extends
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towards the gas exit side with the unbonded portion 11 as the
boundary as shown 1n FIG. 26, thereby mitigating the stress
concentration. The center portion of the metal honeycomb
body 2 1s rapidly cooled at the time of stopping and braking,
and generates the large temperature difference with the outer
peripheral portion. In this case, the center axis side (S)
contracts mmward with the unbonded portion 11 as the
boundary, and the stress concentration 1s likewise mitigated.

When the unbonded portion 11 is situated closer to the
center axis S than % of the radius R, the stress concentration
on the outer peripheral side of the unbonded portion cannot
be mitigated easily. In consequence, the metal honeycomb
body 2 cannot fully absorb the stress, and the improvement
cifect of durability cannot be exhibited. When the unbonded
portion 1s disposed from the end portion of the metal
honeycomb body 2 on 1ts gas entry side, the honeycomb
defect called “cracks” 1s likely to occur around the unbonded
portion 11.

If the length of the unbonded portion 11 1s less than 9%o of
the full length L of the metal honeycomb body 2, the force
of restriction becomes great during extension and contrac-
tfion resulting from the temperature difference on the center
axis side S. Therefore, the stress concentration cannot be
mitigated easily. If the length of the unbonded portion 11
exceeds %10 of the full length L of the metal honeycomb
body 2, cracks occur 1n the metal honeycomb body 2 above
the unbonded portlon 11 due to the extension and contrac-
tion on the center axis side S. In an extreme case, the portion
on the center axis side S 1s likely to fall off.

The unbonded portion 11 may be disposed at one position.
If 1t 1s disposed at two positions as shown in FIG. 28§,
durability can be further improved, but the degree of
improvement 1s not remarkable. The unbonded portion 11
may be disposed at three or more positions, but such a
structure 1s not preferable because the production cost
increases. At least one peripheral portion of each of the flat
fo1l 5 and the corrugated foil 6 must be kept unbonded, and
the unbonded portion may extend to maximum of two turns
of the circumferences.

Next, mm the metal honeycomb body of the present
invention, the unbonded portion 12 and the bonded portion
13 each having a predetermined length are preferably
formed at the boundary between the outer periphery of the
metal honeycomb body 2 and the inner periphery of the
outer cylinder 3 as shown 1n FIG. 27. The bonded portion 13
1s formed 1mnto a length of not greater than % of the total
length L of the of the honeycomb body 2 in such a manner
as to extend from a position, that 1s spaced apart by at least
AL from one of the ends of the honeycomb body 2 as the gas
entry side towards the other end as the gas exit side. The rest

of the portions of the boundary are the unbonded portion 12.
In other words, L., ZL./3 and L,=L/2 1n FIG. 27, and L; may

be 0.

In other words, the embodiment 1n which the bonded
portion 13 1s so formed as to fall within the range of L,
extending from one of the ends of the metal honeycomb
body 2 on the gas exit side as the start point 1n the direction
of the center axis of the metal honeycomb body, as shown
in FIG. 28, 1s also embraced within the scope of the present
invention.

Since such limited unbonded portion 12 and bonded
portion 13 are formed at the boundary between the metal
honeycomb body 2 and the outer cylinder 3 as described
above, the metal support exhibits more excellent durability
against the rapid heating and rapid cooling cycles of the
exhaust gas when the metal support 1s mounted to, and used
in, the engine exhaust gas system of the automobile.
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For example, even when the center portion of the metal
honeycomb body 2 1s heated rapidly or cooled rapidly and
the temperature difference with the outer peripheral portion
becomes great, the center axis side S of the metal support
shown 1n FIG. 28 extends or shrinks with the unbonded
portion 11 being the boundary. In addition, the metal hon-
eycomb body 2 extends or shrinks as a whole towards or
from the gas entry side. As a result, the stress concentration
can be much more mitigated.

If the length L, of the unbonded portion 12 on the gas
entry side 1s less than !5 of the total length L of the metal
honeycomb body 2 1n FIG. 27, the force of restriction acts
on extension/contraction of the enfire metal honeycomb
body 2 with respect to the gas entry side, and a higher effect
of mitigating the stress concentration cannot be obtained
casily. If the length L, of the bonded portion 13 exceeds
of the total length L of the metal honeycomb body 2, on the
other hand, the force of restriction acts on extension/
contraction of the entire honeycomb body 2 with respect to
the outer cylinder 3, and a higher effect of mitigating the
stress concentration cannot be obtained easily, either. The
length L, of the unbonded portion 12 on the gas exit side 1s
not limited. So long as L, and L, fall within the ranges
described above, the metal honeycomb body 2 1s allowed to
extend and contract as a whole with respect to the gas entry
side. Therefore, L; may be 0 as described already.

The upper limit of L, and the lower limit of L, need not
be limited. It 1s only necessary that the metal honeycomb
body 2 be bonded to the outer cylinder 2, and the length L,
of the bonded portion 13 may be small. However, when the
bonded portion 13 1s damaged and the metal honeycomb
body 2 possibly falls off, the lower limit of L, 1s preferably
set to Y20 of the total length L of the metal honeycomb body
2. When the lower limit of L, 1s set 1n this way, the upper
limit of L, 18 19%0L.

The metal support according to the present invention may
be shaped 1n such a fashion that both ends of the unbonded
portion 11 exist inside the metal honeycomb body 12 as
shown in FIG. 30. The range of length of the unbonded
portion 11 extends from a position, as a start point, that 1s
spaced apart by D, that 1s a length less than /10 of the total
length L of the metal honeycomb body 2, from one of the
ends of the metal honeycomb body 2 on the gas exit side, to
a position, as an end position, that 1s spaced apart by a length
H, or H, of %0 to %0 of the total length of the metal
honeycomb body 2 from the end on the gas exit side. The
rest of the constructions are the same as 1n the metal support
of the embodiment shown in FIG. 25. In other words,
D<I/10 and 9L/20=H,=91/10, and 91./20=H,=91/10.

Because the unbonded portion 11 i1s formed in such a
fashion as to be buried inside the honeycomb body 2, the
metal honeycomb body 2 becomes more stabilized during its
handling, up to fitting to the exhaust gas system of the
automobile, and damage to the bond portions between the
flat foil and the corrugated foil i1s unlikely to develop.
Moreover, when the metal support 1s used after mounting,
breakage occurs under the state in which the unbonded
portion 11 extends to the portion having a length D on the
cxhaust gas exit side, due to the temperature difference
between the center axis side S and the outside, reaching
thereby the state similar to the state of the metal support of
the embodiment shown 1 FIG. 25. In consequence, the
function becomes also similar. When D=2L/10, breakage
under the extension state of the unbonded portion 11 hardly
OCCUTS.

In the metal support of this embodiment, too, the
unbonded portion 12 and the bonded portion 13 each having
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a predetermined length are preferably formed at the bound-
ary between the outer periphery of the metal honeycomb
body 2 and the inner periphery of the outer cylinder 3 as
shown 1n FIG. 31. The position and the length of the bonded
portion 13 are similar to those of the metal support of the
embodiment shown 1n FIG. 27. In other words, L., =L/3 and
L,=L in FIG. 31. L; may be 0. The function of this metal
support 1s similar to that of the metal support of the
embodiment shown 1 FIG. 27.

When the metal support of this invention 1s produced, a
diffusion-preventing agent 1s 1nterposed 1nto predetermined
portions when the belt-like flat and corrugated foils 5 and 6
are superposed and wound with each other as shown i FIG.
2. The diffusion bonding treatment 1s carried out after the
resulting metal honeycomb body 2 after winding 1s
assembled into the outer cylinder 3. As a result, the portions
among the contact portions between the flat foil § and the
corrugated foil 6, at which the diffusion-preventing agent 1s
applied, are not bonded. In consequence, the unbonded
portions 11 are formed as shown 1n FIG. 25, and the rest of
the portions are diffusion-bonded.

It 1s possible to use those materials which are thermally
stable at the heating temperature for diffusion bonding, such
as metal oxides typified by TiO, and Al,O;, or ceramic
materials typified by S1C and BN, as the diffusion-
preventing agent. To mterpose the material between the flat
fo1l § and the corrugated foil 6, the material 1s pulverized
into powder, and after being mixed with water, the mixture
1s applied to the flat foill § or the corrugated foil 6.
Alternatively, the material 1s formed into a sheet, and the
resulting sheet 1s bonded or sandwiched.

FIG. 32 shows an example where the diffusion-preventing
agent 14 prepared by mixing the powder described above
with water 1s applied to the corrugated foil 6 by a roll
fransfer system using a coating machine 15. The diffusion-
preventing agent 14 1s applied to the wave peak portions of
the corrugated foil 6 and, as the corrugated foil 6 1s wound,
the agent 1s interposed 1nto the contact portions 9 with the
flat foil §. The diffusion-preventing agent 14 can be applied
to only the predetermined portions by moving the transfer
roll of the coating machine 15 or the corrugated foil 6.

The means for forming the bonded portion 13 and the
unbonded portion 12 shown 1n FIG. 27 applies the brazing
material to either one, or both, of the portions on the outer
peripheral surface of the metal honeycomb body 2, which 1s
to serve as the bonded portion 13 and the portions on the
inner peripheral surface of the outer cylinder 3, which 1s to
serve as the bonded portion 13, and applies the bonding-
preventing agent to either one, or both, of the portions of the
outer peripheral surface on the metal honeycomb body 2 to
serve as the unbonded portion 12 and the portions on the
inner peripheral surface of the outer cylinder 3 that are to
serve as the unbonded portion 12, before the metal honey-
comb body 2 1s assembled into the outer cylinder 3.

After the brazing material and the diffusion-preventing
agent are applied 1n this way, the metal honeycomb body 2
1s assembled 1nto the outer cylinder 3 and then the diffusion
bonding treatment 1s carried out. As a result, the unbonded
portion 11 1s formed on the metal honeycomb body 2, and
the portions applied with the brazing material are bonded at
the boundary between the metal honeycomb body 2 and the
outer cylinder 3, forming the bonded portion 13. However,
the portions applied with the diffusion-preventing agent are
not bonded, giving the unbonded portion 12.

Ordinary brazing materials can be used as the brazing
material. To apply this brazing material to the outer periph-
eral surface of the metal honeycomb body 2 or to the inner
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peripheral surface of the outer cylinder 3, the brazing
material 1n the powder form 1s mixed with a binder and the
mixture 1s applied. Alternatively, after the binder 1s applied
to the predetermined portions, the brazing material in the
powder form 1s sprayed and the brazing material at unnec-
essary portions 1s shaken off. Still alternatively, the brazing
material 1in the sheet form 1s bonded.

The diffusion-preventing agent can be applied in the same
way as the means for interposing it between the flat foil 5
and the corrugated foil 6 that 1s described above. Coating or
bonding can be employed as means for causing the brazing
material to adhere. FIG. 33 shows an example where the
sheet-like brazing material 16 1s bonded to the outer periph-
eral surface of the metal honeycomb body 2, and the
diffusion-preventing agent 14 1s applied to the rest of the
outer peripheral surface.

In the present invention, after the metal honeycomb body
2 1s assembled 1nto the outer cylinder 3, diameter reduction
machining can be carried out 1n order to bring the outer
cylinder 3 mnto close contact with the metal honeycomb body
2. The diffusion bonding treatment 1s conducted by high
temperature heating in a non-oxidizing atmosphere such as
in a vacuum furnace. In the case of vacuum heating, the
diffusion bonding treatment 1s conducted at a degree of
vacuum within the range of 3x10™* to 5x10™> Torr, at a
temperature within the range of 1,100 to 1250° C. and for a
retention time of 30 to 90 minutes.

Next, the invention which winds a shell 19 round the outer
periphery of the metal honeycomb body 2 as another tech-
nology for improving durability of the metal support of the
present mvention will be explained with reference to FIG.
34.

In FIG. 34, the shell 19 1s formed by winding at least one
turn the flat foil or the corrugated foil, and the flat foils or
the corrugated foils constituting the shell 19 are mutually
bonded. Incidentally, symbol S in FIG. 34 represents the
center axis of the metal honeycomb body 2, and the exhaust
oas 1s introduced 1n the direction represented by white arrow.

The flat foil or the corrugated foil for forming the shell
may be integral with the flat foil 5 or the corrugated foil 6
for forming the metal honeycomb body 2, or may be
separate. In the case of the former, either one of the flat foil
S5 and the corrugated foil 6 1s elongated 1n advance 1n a
length corresponding to the formation length of the shell
when the metal honeycomb body 2 1s formed, as shown 1n
FIG. 2. This elongated portion 1s additionally wound. In the
latter case, the metal honeycomb body 2 1s first formed, and
then the separate flat or corrugated foil 1s wound addition-
ally.

When the outermost periphery of the metal honeycomb
body 2 before additional winding comprises the flat foil 5,
the flat foil 1s additionally wound at least one turn, or the
corrugated foil 1s additionally wound at least two turns.
When the outermost periphery of the metal honeycomb body
2 betore additional winding comprises the corrugated foil 6,
the shell 19 1s formed by winding additionally at least one
turn the corrugated foil or winding additionally at least two
turns the flat fouil.

After the metal honeycomb body 2 having the shell 19
formed 1n this way 1s assembled into the outer cylinder 3, the
contact portions between the flat foil 5 and the corrugated
fo1l 6, that together constitute the metal honeycomb body 2,
are bonded, the flat foils or the corrugated foils constituting,
the shell 19 are bonded with each other, and the outer
peripheral surface of the shell 19 and the inner peripheral
surface of the outer cylinder 3 are bonded. In this way, the
metal support of this invention 1s formed.
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The metal support of this invention includes the shell 19
round the outer periphery of the metal honeycomb body 2 as
described above. Therefore, this metal support has higher
durability against the cycles of rapid heating to a higher
temperature and rapid cooling, than in the prior art devices.
In other words, even when the stress concentrates on the
portions 1n the proximity of the boundary due to the tem-
perature difference between the metal honeycomb body 2
and the outer cylinder 3, the firm shell 19 formed by bonding
the flat foils or the corrugated foils with each other into a
unitary structure 1s not easily damaged. Therefore, the metal
support has high durability against the deviation 1n the axial
direction of the metal support.

Next, another preferred embodiment of the metal support
of the present invention is shown 1n the sectional view of
FIG. 35. In this embodiment, the honeycomb unbonded
portions 11 are formed 1nside the metal honeycomb body 2.
As described above, the contact portions between the flat foil
and the corrugated foil are not bonded at the metal honey-
comb unbonded portion 11, but are bonded at other portions
of the metal honeycomb body 2 by diffusion bonding. The
honeycomb unbonded portion 11 1s formed within the range
of length, ending up at an end point, that 1s spaced apart from
the end portion of the gas entry side of the metal honeycomb

body 2, and 1s wound at least one turn throughout the full
periphery and at least at one position.

In this preferred embodiment, the honeycomb unbonded
portion 11 1s formed mside the metal honeycomb body 2.
Therefore, when the metal support 1s mounted to, and used
in, the exhaust gas system of the automobile engine, etc, it
has higher durability against the rapid heating—rapid cool-
ing heat cycles due to the exhaust gas. In other words, the
metal support has excellent durability against the deviation
in the axial direction of the metal honeycomb body 2 owning
to the firm shell 19. Moreover, the metal support can
mitigate the stress concentration even when the temperature
difference becomes great between the center portion 1n the
diametric direction of the metal honeycomb body 2 and the
outer peripheral portion. For, the honeycomb unbonded
portion 11 allows the center axis side S to extend and
contract 1n the direction of the center axis S with the
honeycomb unbonded portion 11 as the boundary.

Still another preferred embodiment of the metal support
of the present invention 1s shown 1n the sectional views of
FIGS. 36 and 37. In this embodiment, the honeycomb
unbonded portion 11 1s formed inside the metal honeycomb
body 2 and furthermore, the shell 19 1s formed in such a
manner as to extend from the gas exit side as the start point
or from a position somewhat inward from the gas exit side.
As shown 1n FIGS. 36 and 37, therefore, an unbonded
portion 12 1s formed between the honeycomb body 2 and the
outer cylinder 3 on the gas entry side.

In the example shown 1n FI1G. 37, the shell 19 1s so formed
as to extend from a position somewhat inward {from the end
face on the gas entry side, as the start point. Therefore, the
end face on the gas entry side and the end face on the gas exit
side have the same shape, and the problem may possibly
occur 1n the working process up to mounting of the metal
support to the exhaust gas system. In contrast, in the
example shown 1n FIG. 36, the shell 19 1s so formed as to
extend from the end on the gas exit side as the start point,
and the shapes of the end faces are clearly different.
Therefore, the problem described above does not occur.
Furthermore, the shell 19 can be formed more easily in the
example of FIG. 36.

Next, still another preferred embodiment of the metal
support of the present mvention 1s shown 1 the sectional
view of FIG. 38. In this embodiment, the bonded portion 13
and the boundary unbonded portion 20 are formed at the
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boundary between the shell 19 and the outer cylinder 3. The
boundary unbonded portion 20 1s so formed as to extend
from the end portion on the gas entry side of the boundary
as the start point, and the bonded portion 13 1s so formed as
to extend with the gas exit side as the start point. Though the
example of FIG. 38 shows the application to the example of

FIG. 36, it may be applied to the metal support of the
examples shown 1n FIGS. 34, 35 and 37.

Because the boundary unbonded portion 20 1s formed
between the shell 19 and the outer cylinder 3, the thermal
stress concentration between the shell 19 and the outer
cylinder 13 can be mitigated, and durability can be further
improved. At this time, the metal honeycomb body 2 can
extend and contract to and from the gas entry side with
respect to the outer cylinder 3 because the clearance exists
between the shell 19 and the outer cylinder 3. In
consequence, a higher effect can be obtained when the
boundary unbonded portion 20 1s formed on the gas entry
side.

Diffusion bonding in this embodiment 1s made at a
temperature within the range of 1,100 to 1,250° C. and at a
vacuum of about 10™* Torr in the same way as in the
inventions described above. However, diffusion bonding is
preferably carried out at a temperature (TOC) within the
range of the following formula (2) in accordance with the
foil thickness (t ¢#gm). In other words, when the foil thickness
1s great, a higher temperature 1s permitted to the upper limait
of the vacuum heat-treatment temperature and when the foil
thickness 1s small, it 1s limited to a lower temperature as
shown 1n FIG. 41. According to the condition of the formula
(2), the metal honeycomb body 2 of the metal support has
improved heat-resistance and oxidation resistance.
Incidentally, the condition of the formula (3) provides a
more stabilized and improved metal support.

1,100=T=<1.7xt+1,165 (2)

(3)

The method of forming the unbonded portion 11 1nside
the metal honeycomb body 11 1s the same as the method
described above.

A concrete example of the method of disposing the shell
19 on the outer periphery of the metal honeycomb body 2
will be explained with reference to FIG. 39. In this example,
the shell 19 uses the flat foil that 1s integral with the flat foil
S5 forming the metal honeycomb body 2. The diffusion-
preventing agent 14 1s applied to the peaks of the corrugated
fo1l 6 by the coating machine 15, and is interposed at
predetermined portions of the contact portions 9 with the flat
fo1l § 1n order to form the honeycomb unbonded portions 11.
The flat foil 5 1s elongated by the distance necessary for
forming the shell 19, and 1s cut off on its gas entry side to
reduce 1ts width and to form a narrow shell 19. To form the
shell 19 for the metal support shown 1 FIG. 37, the flat foil
for forming the shell 1s cut off from both ends in the
width-wise direction. Similarly, the shell 19 can be formed
by elongating the corrugated foil 6 by the distance necessary
for forming the shell, and by then winding the elongated
portion.

In still another preferred embodiment of the present
invention, the bonded portion 13 and the boundary
unbonded portion 20 are formed by applying the diffusion-
preventing agent to either one, or both of the predetermined
portion of the outer peripheral surface of the shell 19 and to
the predetermined portion of the mnner peripheral surface of
the outer cylinder, and by applying the brazing material to
either one, or both, of another predetermined portion of the
shell 19 and another predetermined portion of the outer

1,100=T=<1.9%x¢+1,117
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cylinder 3, before the metal honeycomb body 2 having the
shell 19 formed thereon 1s assembled 1nto the outer cylinder

23

where the metal foils are alternately laminated to form the
metal honeycomb body.

3.

Its concrete example 1s shown 1n FIG. 40. The shell 19 1s EXAMPLES
formed on the gas exit side of the metal honeycomb body 2. 5 Example 1
After the diffusion-preventing agent 14 1s applied to the gas
entry side of the Eoneyeon%b gb ody 2 wﬁﬁe the braz;gng A flat foil and a corrugated foil (haviqg a peak height of
material 16, to the gas exit side, the honeycomb body 2 is 1',25 mm and processed 1nto a pseud(?-sme curve having a
assembled 1nto the outer cylinder 3. The diffusion bonding pltCh, O_f 2.3 mm), cach ha‘ffmg 4 W%dth of 12(_) mm and
freatment 1s then carried out. In consequence, the boundary 10 consisting ol a high heat-n?Slstant f.emt.e type stainless stecl
unbonded portion 20 1s formed at the portion to which the (S%M_ZO%CI__F@’) having a fo_ﬂ thickness ot ?0 pum (A
dif’usion-preventing agent 14 1s applied, while the bonded foil), 40 Hn (B foil), 35 pm (C ﬁ?ﬂ)’ 30 ym (D foil) and 20
portion 13 1s formed at the portion to which the brazing e (E foﬂ),. were superposed Wlth, cach other and WOUI}d
material 16 1s applied. The diffusion-preventing material 14 Whﬂ(?’ a tension of {ilbOll‘[ > kg was imparted 1o the flat foil,
and the brazing material 16 may be applied to the inner 15 providing a cylindrical honeycomb body havmg a length ot
surface of the outer cylinder 3, or may be applied to both of 1ZQ T Th‘?’ honeycomb l?ody was then fitted 1nto an outer
the outer surface of the shell 19 and the 1inner surface of the cylinder having an inner diameter of 86 mm, a thickness ot
outer cylinder 3. 1.5 mm and a length of 120 mm, and was bonded by solid

In the method of the present invention, the thickness of phase ditfusion bonding to give a metal support. The ditfu-
the shell 19 1s at least 50 um, and 1s preferably from 100 to 20 slon boqdmg cond%uon between the flat toil and the corru-
500 wm. The thickness can be adjusted by adjusting the cgated f.011 for forming the honeycomb body was as follows.
number of turns in accordance with the thickness of the flat heating temperature: 1,120° C.
foil or the corrugated foil, when the metal foil for forming degree of vacuum: 1.4x10~* Torr
the honeycomb body is elongated and wound, or in accor- retention time: 60 minutes
dance with the thickness of the flat foil or the corrugated foi1l 25  In order to examine solid phase diffusion bondability after
that 1s separately wound. Preferably, further, the flat foils or the treatment, each of the metal supports was sliced mto a
the corrugated foils that form the shell 19 are bonded ring shape having a thickness of 20 mm, and a push test of
mutually by solid phase diffusion bonding. After the metal cach metal support 1 was carried out using a conical punch
honeycomb 2 having the shell 19 formed thereon i1s and a base. FIG. 42 shows the outline of this push test, and
assembled into the outer cylinder, the assembly 1s heated to 30 Table 1 shows the test results. It can be seen from Table 1
a high temperature 1n a non-oxidizing atmosphere such as that when the A foil and the B foil were used for both foils,
inside a vacuum furnace. In this way, the contact portions bonding between the foils was not appropriate, and a fall-off
between the flat foil and the corrugated foil forming the portion occurred during the push test as shown in FIG. 43(b).
metal honeycomb body 2 and the flat foils or the corrugated In contrast, the metal supports using the C foil, the D foil or
foils forming the shell 19 can be bonded mutually by solid 35 the E foil for at least one of both foils retained the honey-
phase diffusion bonding. Brazing between the shell 19 and comb shape even by the push test as shown in FIG. 43(a).
the outer cylinder 3 1s effected at this time simultaneously. It was thus confirmed that solid phase diffusion bondabaility
The heat-treatment condition for this solid phase diffusion was excellent. Incidentally, when the contact portions of
bonding may be the same as that of the aforementioned cach foil was observed 1n magnification, enlargement of the
technology for disposing the unbonded portion inside the 40 contact portions could be observed 1n the C foil, the D foil
honeycomb body. and the E foil.

The description given above explains the technologies for A heat cycle test (1,000 cycles between 800 and 60° C.)
improving the metal honeycomb body for the catalyst con- was carried out for each metal support using the foils having
verter used for purification of the exhaust gas. When any one a thickness of 50 um and 30 um, by mounting the metal
of these technologies, or the their combination, 1s used, solid 45 support to the exhaust gas system of a 200-cc gasoline
phase diffusion bondability of the metal foils forming the engine 1n order to examine engine durability. In the metal
metal honeycomb body and engine durability can be dras- support having a foil thickness of 50 um, deviation of the
tically improved. The present invention has thus been honeycomb core occurred in at 70 cycles and the test was cut
explained mainly about the technology of producing the oif. In contrast, 1n the metal support having the foil thickness
metal honeycomb body by superposing and winding 50 of 30 um, the bonding condition of the honeycomb body was
together the flat foil and the corrugated foil. However, the excellent even after 1,000 cycles, and this metal support
present invention naturally includes within 1ts scope the case passed the engine durability test.

TABLE 1

Corrugated foil Afoll Bfoll Cfol Dfoll Efoll Afoill Afoil Afoll Bfoill Cifloill Dfoil D foil E foil

Flat foil Afoll Bifoll Cfoll Difoill Efoil Bfoill Cifoill Difoil Afoll Afoill Afoll E foil D foil

Maximum load 75 kg 100kg 150 kg 120kg 85kg 105kg 160 kg 140 kg 100kg 140kg 130kg 95 kg 90 kg

Presence of fall-oft Yes Yes No No No Yes No No Yes No No No No

Judgement X X O O O X O O X O O O @

Remarks)

A foil: 50 um.,

B foil: 40 um,

C foil: 35 um,

D foil: 30 ym,

E foil: 20 u#m
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Example 2

Metal supports having an outer diameter of 100 mm and
a length of 100 mm were produced by using the following
materials and were subjected to the durability test.

Flat foul:

20Cr—>5Al—Fe ferrite type stainless steel foil, 50
um-thick; 20 um thick and 100 mm wide for metal

supports 7 and 9
Corrugated foul:

Produced by corrugating the flat foil described above;
peak height 1.25 mm and pitch 2.54 mm
Outer cylinder:

18Cr—8N1 heat-resistant stainless steel, thickness 1.5
mm, length 100 mm and outer diameter 102 mm

(1) Metal Support 1 (Prior Art Example)
Surface coarseness of flat foil and corrugated foil: Rac=
0.35 mm,

Surface shape and condition: PPI=80

While a back-tension of 10 ket was applied to the flat foil,
the flat fo1l and the corrugated foi1l were wound, and a metal
honeycomb body having an outer diameter of 100 mm was
produced. After a brazing material was applied to the entire
inner surface of the outer cylinder, the metal honeycomb
body was fitted into the outer cylinder. Thereafter, heat-
treatment was carried out at a high temperature of 1,250° C.
and high vacuum of 10~ Torr for 90 minutes to produce the
metal support.

(2) Metal Support 2 (Example of This Invention)

Surface coarseness of both flat and corrugated foils:
Rac=0.10 um,
Surface shape and condition: PPI=80

While a back-tension of 10 kef was imparted to the flat
fo1l, the flat fo1l and the corrugated foil were wound, giving
a metal honeycomb body having an outer diameter of 100
mm. After the brazing material was applied to the enfire
inner surface of the outer cylinder, the metal honeycomb
body was fitted into the outer cylinder. Thereafter, heat-
treatment was carried out at a high temperature of 1,250° C.,
and high vacuum of 10~ Torr for 90 minutes to give a metal

support.
(3) Metal Support 3 (Example of This Invention)

Surface coarseness of both flat and corrugated foils:
Rac=0.35 um,
Surface shape and condition: PPI=500

While a back-tension of 10 kef was imparted to the flat
fo1l, the flat fo1l and the corrugated foil were wound to give
a metal honeycomb body having an outer diameter of 100
mm. After a brazing material was applied to the enfire inner
surface of the outer cylinder, the metal honeycomb body was
fitted 1nto the outer cylinder. Thereafter, heat-treatment was
carried out at a thigh temperature of 1,250° C. and high
vacuum of 10~ Torr for 90 minutes to give a metal support.

(4) Metal Support 4 (Example of This Invention)

Surface coarseness of both flat and corrugated foils:
Rac=0.10 um,
Surface shape and condition: PPI=500

While a back-tension of 10 kef was imparted to the flat
fo1l, the flat fo1l and the corrugated foil were wound to give
a metal honeycomb body having an outer diameter of 100
mm. After a brazing material was applied to the enftire inner
surface of the outer cylinder, the metal honeycomb body was
fitted 1nto the outer cylinder. Thereafter, heat-treatment was
carried out at a high temperature of 1,250° C. and high
vacuum of 10~* Torr for 90 minutes to give a metal support.
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(5) Metal Support 5 (Example of This Invention)

Surface coarseness of both flat and corrugated foils:
Rac=0.10 um,

Surface shape and condition: PPI=100

While a back-tension of 10 kgl was imparted to the flat
fo1l, the flat foil and the corrugated foil were wound to give
a metal honeycomb body having an outer diameter of 100
mm. After a brazing material was applied to the entire inner
surface of the outer cylinder, the metal honeycomb body was
fitted into the outer cylinder. Thereafter, heat-treatment was
carried out at a high temperature of 1,250° C. and high
vacuum of 10~ Torr for 90 minutes to give a metal support.
(6) Metal Support 6 (Example of This Invention)

Surface coarseness of both flat and corrugated foils:
Rac=0.10 um,

Surface shape and condition: PPI=500

While a back-tension of 10 kel was imparted to the flat
fo1l, the flat foil and the corrugated foil were wound to give
a metal honeycomb body having an outer diameter of 100
mm. After a brazing material was applied to the enfire inner
surface of the outer cylinder, the metal honeycomb body was
fitted into the outer cylinder. Thereafter, heat-treatment was
carried out at a high temperature of 1,1500° C. and high
vacuum of 10™* Torr for 60 minutes to give a metal support.
(7) Metal Support 7 (Example of This Invention)

Thickness of flat and corrugated foils: 20 um

A metal support was produced by heat-treatment at 1,100°
C. for 30 minutes. The other conditions were the same as
those of the metal support 6.

(8) Metal Support 8 (Example of This Invention)

Surface coarseness of both flat and corrugated foils:
Rac=0.10 um,

Surface shape and condition: PPI=500 While a back-
tension of 10 kel was imparted to the flat foil, the flat foil
and the corrugated foil were wound by applying alumina 1n
a length corresponding to one turn length so that R, attained
40 mm and H, attained 70 mm 1n FIG. 28, to give a metal
honeycomb having an outer diameter of 100 mm. A brazing
material was applied to the portion L, so that L, became 60
mm and L, attained 40 mm. The metal honeycomb body was
fitted 1nto the outer cylinder and heat-treatment was carried
out at a high temperature of 1,150° C. and high vacuum of
10~* Torr for 60 minutes to give a metal support.

(9) Metal Support 9 (Example of This Invention)

Thickness of flat and corrugated foils: 20 um A heat-
treatment was carried out at 1,150° C. for 40 minutes with
the other conditions being the same as those of the metal
support 8.

The resulting metal support 8 had the shape shown 1n FIG.
28. Namely, the unbonded portion 11 at which the flat foil
and the corrugated foil were not bonded and which had a
diameter R,;=40 mm and a length H,=70 mm for one turn
was formed 1nside the metal honeycomb body 2. The metal
honeycomb body 2 and the outer cylinder 3 were bonded at
the bond portion 13 having a length L, 40 mm, and the
portion of L,=60 mm above the bond portion 13 was another
unbonded portion 12.

The cold push test was conducted for each of the Prior Art
Example and the metal supports 1 to 7 of the present
invention. Since deviation occurred 1n the metal support 1 of
the prior art example, this metal support was rejected.
However, no problem occurred at all in the metal supports
2 to 6 of the examples of the present mmvention, and they
were approved. The cold push test was conducted by placing
cach metal support on the bed as shown 1n FIG. 42, pushing
it from above by a punch equipped with a load cell, and
recording the stroke-v-load curve.
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The metal supports 8 and 9 of the examples shown m FIG.
28, cach having a full bonded structure and a slhit, were
mounted to the exhaust system of the gasoline engine. A
cooling-heating durability test was carried out with one
cycle comprising heat at 950° C. for 10 minutes and cooling
at 150° C. for 10 minutes. These metal supports were not
damaged even when 900 cycles were imparted, and were
approved.

Exhaust gas purification performance of the metal sup-
ports 7 and 9 could be improved by about 10% 1n compari-
son with the metal supports 6 and 8.

Example 3

A metal support having an outer diameter of 100 mm and
a length of 100 mm was produced using the following
materials, and the durability test was conducted:

Flat foil: 20Cr—5Al—Fe ferrite type stainless steel foil,
50 u-thick, but foils 4 and 6 had a thickness of 20 um
and a width of 100 mm.

Corrugated foil: the same flat foil was corrugated; peak
height 1.25 mm and pitch 2.54 mm,

Outer cylinder: 18Cr—8Ni—LFe heat-resistant stainless
steel, 1.5 mm thick, 100 mm long and 102 mm in outer
diameter.

(1) Metal Support 1 (Prior Art Example)

Shape of corrugation: Side surface in the longitudinal
direction described a sine curve as shown in FIG. 22(b).

While a back-tension of 10 kef (that is, 1.0 kgf/cm) was
applied to the flat foil, the flat foi1l and the corrugated foil
were wound to produce a metal honeycomb body having an
outer diameter of 100 mm. The contact width between the
flat fo1l and the corrugated foil 1n the length-wise direction
was 0.1 mm=2t (twice the foil thickness) (see FIG. 21). After
a brazing material was applied to the entire mnner surface of
the outer cylinder, the metal honeycomb body was fitted into
the outer cylinder. Thereafter, heat-treatment was carried out
at a high temperature of 1,250° C. and high vacuum of 10~*
Torr for 90 minutes.
(2) Metal Support 2 (Example of This Invention)

Shape of corrugation: Side surface in the longitudinal
direction described a trapezoidal curve shown in FIG. 22(a).

While a back-tension of 10 kef (that is, 1.0 kgf/cm) was
applied to the flat foil, the flat foil and the corrugated foil
were wound to produce a metal honeycomb body having an
outer diameter of 100 mm. The contact width W 1n the
length-wise direction of the flat fo1l and the corrugated foil
was 0.5 mm=lot (ten times the foil thickness). After a
brazing material was applied to the enftire inner surface of
the outer cylinder, this metal honeycomb body was fitted
into the outer cylinder. Thereatfter, heat-treatment was con-
ducted at a high temperature of 1,250° C. and high vacuum
of 10~* Torr for 90 minutes.
(3) Metal Support 3 (Example of This Invention)

Shape of corrugation: Side surface in the longitudinal
direction described a trapezoidal curve shown in FIG. 22(a).

While a back-tension of 10 kef (that is, 1.0 kgf/cm) was
imparted to the flat foil, the flat foil and the corrugated foil
were wound to produce a metal honeycomb body having an
outer diameter of 100 mm. The width W of the contact
portion of the flat foil and the corrugated foil in the length-
wise direction was 0.5 mm=10 t (ten times the foil
thickness). After a brazing material was applied to the entire
inner surface of the outer cylinder, the metal honeycomb
body was fitted into the outer cylinder. Thereafter, heat-
treatment was conducted at a high temperature of 1,225° C.
and high vacuum of 10~ Torr for 90 minutes.
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(4) Metal Support 4 (Example of This Invention)

Thickness of both flat and corrugated foils: 20 um

The metal support was produced by the heat-treatment at
1,150° C. for 60 minutes. The rest of the conditions were the
same as those of the metal support 3.

(5) Metal Support 5 (Example of This Invention)

Shape of corrugated foil: The side surface 1n the length-
wise direction described a trapezoidal curve shown 1n FIG.
22(a).

While a back-tension of 10 kgf (that is, 1.0 kgf/cm) was
imparted to the flat foil and while alumina was applied 1n a
length corresponding to one turn, the flat foil and the
corrugated foil were wound 1nto the shape shown 1n FIG. 28,
that 1s, 1n such a manner as to attain R,=40 mm and H,=70
mm. In this way, a metal honeycomb body having an outer
diameter of 100 mm was produced. The width W of the
contact portion of the flat foil and the corrugated foil in the
length-wise direction was 0.5 mm=10 t (ten times the foil
thickness). A brazing material was applied to the inner
surface of the outer cylinder in such a manner as to attain
[L,=60 mm and L,=40 mm. After alumina was applied to the
portion 11, the metal honeycomb body was fitted into the
outer cylinder. Thereafter, heat-treatment was conducted at
a high temperature of 1,225° C. and high vacuum of 10~*
Torr for 60 minutes to produce the metal support.

(6) Metal Support 6 (Example of This Invention)

Length of both flat and corrugated foils: 20 um

Heat-treatment was conducted at 1,200° C. for 40 minutes
to produce a metal support. The rest of the conditions were
the same as those of the metal support 5.

When the cold push test shown 1 FIG. 42 was applied to
the metal support of the prior art example and to the metal
supports 1 to 4 of the present invention, the metal support 1
of the prior art example was rejected because deviation
occurred. However, the metal supports 2, 3 and 4 of the
examples of the present invention had no problem at all and
were approved.

When the metal supports § and 6 of the examples of the
present invention, each having the full bonding structure
with the slit shown 1n FIG. 28, were mounted to the exhaust
system of the gasoline engine and were then subjected to a
severe cooling-heating test with one cycle comprising heat-
ing to 950° C. for 10 minute and cooling to 150° C. for 10
minutes, these metal supports were not damaged and were
approved.

Exhaust gas purification performance of the metal sup-
ports 4 and 6 could be improved by about 11% 1n compari-
son with that of the metal supports 3 and 5.

Example 4

A metal support having an outer diameter of 100 mm and
a length of 100 mm was produced using the following
materials and was subjected to the durability test.

Flat foil: 20Cr—5Al—Fe ferrite type stainless steel, 50
um thick and 100 mm wide Corrugated foil: produced by
corrugating the same flat foil, peak height 1.25 mm and pitch
2.54 mm Outer cylinder: 18Cr—8Ni—Fe heat-resistant
stainless steel, 1.5 mm thick, 100 mm long and outer
diameter of 102 mm
(1) Metal Support 1 (Prior Art Example)

While a back-tension of 10 kgl was imparted to the flat
fo1l, the flat foil and the corrugated foil were wound and a
metal honeycomb body having an outer diameter of 100 mm
(R=50 mm 1n FIG. 25) was produced. A diffusion-preventing
agent was not mterposed during winding. After the brazing
material was applied to the entire inner surface of the outer
cylinder, the metal honeycomb body was fitted into the outer
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cylinder. Thereatter, diffusion bonding heat-treatment was
conducted at a high temperature of 1,250° C. and high

vacuum of 10" Torr to produce the metal support.
(2) Metal Support 2 (Prior Art Example)

While a back-tension of 10 kgt was imparted to the flat
fo1l, the flat foil and the corrugated foil were wound and a
metal honeycomb body having an outer diameter of 100 mm
(R=50 mm in FIG. 25) was produced. A diffusion-preventing
agent 14 was applied to a predetermined range of the
corrugated foil 6 during winding as shown 1n FIG. 32 so that

an unbonded portion 11 having R,=40 mm and H,=70 mm
in FIG. 25 could be formed. The unbonded portion 11 was

formed at one position 1n such a manner as to extend round
one periphery of the flat and corrugated foils. The diffusion-
preventing agent 14 used Al,O, powder. After a brazing
material was applied to the entire inner peripheral surface of
the outer cylinder, the metal honeycomb body was fitted mnto
the outer cylinder, and diffusion bonding heat-treatment was
conducted at a high temperature of 1,250° C. and high
vacuum of 10~* Torr to produce the metal support.

(3) Metal Support 3 (Prior Art Example)

While a back-tension of 10 kgt was imparted to the flat
fo1l, the flat fo1l and the corrugated foi1l were wound and a
metal honeycomb body having an outer diameter of 100 mm
(R=50 mm 1n FIG. 25) was produced. A diffusion-preventing
agent was not interposed during winding. A brazing material
was applied to the position L, on the inner peripheral surface
of the outer cyhnder in such a fashion as to attain L,=60 mm
and L,=40 mm 1n FIG. 28. The diffusion-preventing agent,
Al 03, was applied to the L, position, and then the metal
honeycomb body was fitted into the outer cylinder.
Thereafter, diffusion bonding treatment was conducted at a
high temperature of 1,250° C. and high vacuum of 10~ Torr
for 90 minutes to produce the metal support.

(4) Metal Support 4 (Prior Art Example)

While a back-tension of 10 kgt was imparted to the flat
fo1l, the flat foi1l and the corrugated foi1l were wound and a
metal honeycomb body having an outer diameter of 100 mm
(R=50 mm 1n FIG. 25) was produced. A diffusion-preventing
agent 14 was applied to a predetermined range of the
corrugated foil 6 during winding as shown 1n FIG. 25 1 such
a fashion as to form a unbonded portion 11 having R,=40
mm and H,=70 mm 1n FIG. 27. The unbonded portion 11
was formed at one position 1n a length corresponding to one
periphery of the flat foil and the corrugated foil. The
diffusion-preventing agent 14 used Al,O, powder

Abrazing was applied to the L, position 1n such a fashion
as to attain L,=20 mm, L,=40 mm and L,=40 mm 1n FIG.
27. After Al,O; was applied as the diffusion-preventing
agent to the L, and L, positions, the metal honeycomb body
was fitted imto the outer cylinder. Thereafter, diffusion
bonding treatment was conducted at a high temperature of
1,250° C. and high vacuum of 10~ Torr for 90 minutes to
produce the metal support.

(5) Metal Support § (Prior Art Example)

While a back-tension of 10 kef was imparted to the flat
fo1l, the flat foil and the corrugated foil were wound and a
metal honeycomb body having an outer diameter of 100 mm
(R=50 mm in FIG. 25). A diffusion-preventing agent 14 was
applied to a predetermined range of the corrugated foil 6
during winding as shown in FIG. 32 so that an unbonded
portion 11 having R,=40 mm and H,=50 mm could be
formed 1n FIG. 28. The unbonded portion 11 was formed at
one position 1n a length of one circumference of the flat foil
and the corrugated foil. The diffusion-preventing agent 14
used Al,O; powder.

A brazing material was applied to the L, position of the
inner periphery of the outer cylinder 1n such a fashion as to
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attain L,=60 mm and L.=40 mm 1n FIG. 28. After Al,O,

was apphed as the diffusion-preventing agent to the L

position, the metal honeycomb body was fitted into the outer
cylinder. Thereafter, the diffusion bonding heat-treatment
was conducted at a high temperature of 1,250° C. and high
vacuum of 10" Torr for 90 minutes to produce the metal
support.

(6) Metal Support 6 (Prior Art Example)

While a back-tension of 10 kgl was imparted to the flat
fo1l, the flat foil and the corrugated foi1l were wound and a
metal honeycomb body having an outer diameter of 100 mm
(R=50 mm 1n FIG. 25) was produced. A diffusion-preventing
agent 14 was applied to a predetermined range of the
corrugated foil 6 during winding as shown 1n FIG. 32 so that
an unbonded portion 11 having R,=20 mm and H,=70 mm
could be formed 1n FIG. 28. The diffusion-preventing agent
14 used Al,O; powder.

A brazing material was applied to the L, position 1n such
a fashion as to attain L,=60 mm and L,=40 mm 1n FIG. 28,
and Al,O; was applied as the diffusion-preventing agent to
the L, position. The metal honeycomb body was then fitted
into the outer cylinder. Thereafter, diffusion bonding treat-
ment was conducted at a high temperature of 1,250° C. and
higch vacuum of 10~ Torr to produce a metal support.

(7) Metal Support 7 (Example of This Invention)

While a back-tension of 10 kgt was imparted to the flat
fo1l, the flat foil and the corrugated foil were wound and a
metal honeycomb body having an outer diameter of 100 mm
(R=50 mm in FIG. 25) was produced. A diffusion-preventing,
agent 14 was applied to a predetermined range of the
corrugated foil 6 during winding as shown 1n FIG. 32 so that
an unbonded portion 11 having an R,=40 mm and H,=70
mm could be formed 1n FIG. 28. The unbonded portion 11
was formed at one position in a length corresponding to one
periphery of the flat and corrugated foils. The diffusion-
preventing agent 14 used Al,O, powder.

A brazing material was applied to the L, position on the
inner periphery of the outer cylinder 1n such a fashion a to
attain L,=60 mm and L,=40 mm 1n FIG. 28, and Al,O; was
applied as a diffusion-preventing agent to the L, position.
The metal honeycomb body was then fitted mto the outer
cylinder. Thereafter, diffusion bonding treatment was con-
ducted at a high temperature of 1,250° C. and high vacuum
of 107 Torr for 90 minutes to produce a metal support.
(8) Metal Support 8 (Example of This Invention)

A honeycomb body comprising the flat foil and the
corrugated foil each having a foil thickness of 20 um was
diffusion-bonded at 1,150° C. for 90 minutes. The rest of
conditions were the same as those of the metal support 7.
(9) Metal Support 9 (Prior Art Example)

While a back-tension of 10 kgl was imparted to the flat
fo1l, the flat foil and the corrugated foil were wound to
produce a metal honeycomb body having an outer diameter
of 100 mm (R=50 mm in FIG. 44). A binder was applied in
place of the diffusion-preventing agent 14 to the corrugated
fo1l 6 during winding as shown 1n FIG. 32. The application
range was from one of the ends as a gas entry side to a width
of 50 mm so that h=50 mm could be satisfied within the
region of r=40 mm in FIG. 44, and was the full width range
within the region of 40 mm=r=50 mm. Thereafter, a
brazing material 1n the powder form was sprayed and was
allowed to adhere to the binder adhering portion.

A brazing material was applied to the L, position 1n such
a fashion as to attain L,=60 mm and L,=40 mm 1n FIG. 44,
and Al,O; was applied as a diffusion-preventing agent to the
L, position. The metal honeycomb body was then fitted into
the outer cylinder, and diffusion bonding treatment was




US 6,689,328 Bl

35

conducted at a high temperature of 1,250° C. and high
vacuum of 10™* Torr for 90 minutes. In the metal honey-

comb body 2 of the metal support so formed, the unbonded
zone 17 was formed at the center on the gas exit side, and
the bonded zone 18 was formed at the rest of the regions.

A catalyst was supported by each of the metal supports of
the prior art examples and the examples 1 to 9 of the present
invention and was mounted to the exhaust system of a
cgasoline engine. A severe cooling-heating durability test
with one cycle comprising heating to 950° C. for 10 minutes
and cooling to 150° C. for 10 minutes was conducted. Even
after 900 cycles were 1mparted, the metal supports 7 and 8
of the examples of the present invention did not exhibit any
damage such as cracks on both entry and exit sides of the
metal honeycomb body. Furthermore, no deviation occurred
on the boundary surface between the metal honeycomb body
and the outer cylinder. Therefore, these metal supports 7 and
8 were approved. However, the metal supports of the prior
art examples were rejected because breaking of the metal
honeycomb body and deviation occurred. The metal support
8, 1n particular, was unbonded at the center on the gas exist
side of the metal honeycomb body, and consequently, local
honeycomb defects (cracks) occurred at this portion.

Exhaust gas purification performance of the metal support
8 could be improved by about 10% 1n comparison with the
metal support 7.

Example 5

A metal support having an outer diameter of 100 mm and
a length of 120 mm 1n the axial direction was produced using
the following materials, and a durability test was conducted.

Flat foil: 20Cr—5Al—Fe ferrite type stainless steel foil,
50 or 20 yum thick and 120 mm wide

Corrugated foil: produced by corrugating the same flat
foil, peak height of 1.25 mm and pitch of 2.54 mm

Outer cylinder: 18Cr—8Ni1—Fe heat-resistant steel pipe,
1.5 mm thick, 123 mm long and 102 1n outer diameter.

Diffusion-preventing agent: mixture of alumina powder
having a grain size of 1 um with water, Brazing
material: foil wax

In FIG. 45, the diffusion-preventing agent described
above was applied to the positions of the honeycomb
unbonded portion and the boundary unbonded portion 12,
and the brazing material was bonded to the position of the
boundary bonded portion 13. Vacuum heat-treatment was
then applied in order to diffusion-bond the contact portion
between the flat foil and the corrugated foil of the honey-
comb body 2 and the flat fo1ls of the shell 19 with each other
or the corrugated foils of the shell 19 with each other. Also,
the brazing material bonded portion at the boundary was

brazed.
(1) Metal Support 1 (Example of This Invention)

Shape and size: L,=40 mm, L,=80 mm, L.;=3 mm, H,=90
mm and R,=2 to 3 circumierences in FIG. 45

Thickness of flat and corrugated foils 50 um

Back-tension 1n winding metal honeycomb body: 10 kgt

Shell: Flat fo1l integral with metal honeycomb body was
wound 5 turns

Shell thickness: 250 um

Vacuum heat-treatment: at 1,200° C. for 60 minutes at
10~* Torr

(2) Metal Support 2 (Example of This Invention)
Shape and size: same as metal support 1
Thickness of flat and corrugated foils: 50 um

Back-tension 1n winding of metal honeycomb body: 10
ket
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Shell: Corrugated foil integral with metal honeycomb
body was wound 5 turns.

Shell thickness: 250 um

Vacuum heat-treatment: at 1,200° C. for 60 minutes at

10~* Torr
(3) Metal Support 3 (Example of This Invention)

Shape and size: same as metal support 1

Thickness of flat and corrugated foils: 20 yum

Back-tension 1in winding of metal honeycomb body: 5 ket

Shell: Flat foil integral with metal honeycomb body was
wound 15 turns.

Shell thickness: 300 um

Vacuum heat-treatment: at 1,150° C. for 60 minutes at
10~ Torr

(4) Metal Support 4 (Example of This Invention)

Shape and size: L;=40 mm, L,=80 mm, ;=3 mm,

[L,=60 mm, H,=90 mm and R,=2 to 3 turns

Thickness of flat and corrugated foils: 50 um

Back-tension in winding of metal honeycomb body: 10
ket

Shell: produced by winding 5 turns a flat foil separate

from metal honeycomb body, and 50 um thick and 60
mm wide.

Shell thickness: 250 um

Vacuum heat-treatment: at 1,200° C. for 60 minutes at
10~ Torr

(5) Metal Support § (Example of This Invention)
Shape and size: same as metal support 1

Thickness of flat and corrugated foils: 20 um

Back-tension 1in winding of metal honeycomb body: 5 ket

Shell: 50 um-thick flat foil separate from metal honey-
comb body was wound 5 turns.

Shell thickness: 250 um

Vacuum heat-treatment: at 1,200° C. for 60 minutes and
at 10~ Torr
(6) Metal Support 6 (Comparative Example)

Shape and size: ;=40 mm, L,=80 mm, L;=3 mm, H,=90
mm and R,=2 to 3 turns in FIG. 47

Thickness of flat and corrugated foils: 50 um Back-
tension in winding of metal honeycomb body: 10 ket

Shell: nil.

Vacuum heat-treatment: at 1,280° C. for 90 minutes at
10~ Torr
(7) Metal Support 7 (Comparative Example)

Shape and size: same as metal support 6
Thickness of flat and corrugated foils: 20 um

Back-tension 1in winding of metal honeycomb body: 5 ket
Shell: nil.

Vacuum heat-treatment: at 1,280° C. for 90 minutes at
10~ Torr
(8) Metal Support 8 (Comparative Example)

Shape and size: same as metal support 6

Thickness of flat and corrugated foils: 50 um

Back-tension in winding of metal honeycomb body: 10
ket

Shell: nail.

Vacuum heat-treatment: at 1,200° C. for 60 minutes and
10~ Torr
(9) Metal Support 9 (Comparative Example)

Shape and size: same as metal support 6
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Thickness of flat and corrugated foils: 20 um

Back-tension 1in winding of metal honeycomb body: 5 kgt
Shell: nil.

Vacuum heat-treatment: at 1,150° C. for 60 minutes and
at 10~ Torr

The metal support of each of the examples of this inven-
fion and Comparative Examples was fitted to an exhaust
manifold, and an engine cooling-heating durability test of
900 cycles each comprising heat to 950° C. for 10 minutes

and cooling to 150° C. for 10 minutes was conducted under
the four conditions tabulated 1n Table 2.

In Table 2, a uniformity index v was determined in the
procedure shown 1n Table 3 by dividing a large number of
vent holes of the metal honeycomb body into multiple
channels, measuring the flow velocity distribution of the
exhaust gas flowing through each channel and statistically
processing these distributions. When v was 1.00, the gas
flow of each vent hole of the metal honeycomb body was
completely uniform. The smaller this value, the more vig-
orous became non-uniformity of the gas flow. In Table 3, the
term “local” means one channel when the vent holes were
divided 1nto n channels.

The result was tabulated in Table 4. This test was con-
ducted by fitting the metal support to the position immedi-
ately below the exhaust manifold. This was a severe cooling-
heating durability test in which the metal support was
rapidly heated to 950° C. by the high temperature exhaust
ogas and was cooled rapidly. Particularly, the condition of the
exhaust manifold A was the condition under which the stress
concentration by the assembly was remarkable and the
exhaust gas non-uniform flow as remarkable, too. However,
the metal supports 1 to 5 passed all the conditions.

The metal supports 6 to 9 did not have the shell.
Theretfore, 1n all these metal supports, the deviation occurred
between the metal honeycomb body 2 and the outer cylinder
3. In the metal supports 6 and 7 in which the vacuum
heat-treatment was 1,280° C., the honeycomb defect called
“cracks” occurred.

Incidentally, exhaust gas purification performance of the
metal supports 3 and 5 could be improved by about 10% 1n
comparison with the metal supports 1, 2 and 4.

TABLE 2

Fxhaust gas non-
uniform flow:
remarkable

(v = 0.89)

Exhaust gas non-
uniform fHow:
mild

(y = 0.96)

Stress Exhaust manifold A Exhaust manifold B
concentration due
to assembly:
remarkable

Stress
concentration due

to assembly: mild

Exhaust manifold C Exhaust manifold D

TABLE 3

Local gas flow velocity Wi
Mean gas flow velocity n

Wi

W =

n
Local non-uniformity index —
Jowi-w)
(01 = —
W
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TABLE 3-continued

Local gas flow velocity Wi
Non-uniformity index n
Z (1
() =
n
Uniformity index W
y=1-+=
2
TABLE 4
Occurrence Occurrence
Exhaust of of
manifold deviation cracked Evaluation
Metal A No No Approved
support 1 B No No Approved
C No No Approved
D No No Approved
Metal A No No Approved
support 2 B No No Approved
C No No Approved
D No No Approved
Metal A No No Approved
support 3 B No No Approved
C No No Approvec
D No No Approved
Metal A No No Approved
support 4 B No No Approved
C No No Approved
D No No Approved
Metal A No No Approved
support 5 B No No Approved
C No No Approved
D No No Approved
Metal A Yes Yes Rejected
support 6 B Yes No Rejected
C No Yes Rejected
D No No Approved
Metal A Yes Yes Rejected
support 7 B Yes No Rejected
C No Yes Rejected
D No No Approved
Metal A Yes No Rejected
support 8 B Yes No Rejected
C No No Approved
D No No Approved
Metal A Yes No Rejected
support 9 B Yes No Rejected
C No No Approved
D No No Approved
INDUSTRIAL APPLICABILITY
As described above, the present invention can provide a

metal support that has excellent solid phase diffusion bond-
ability and has improved engine durability as well as
improved exhaust gas purification performance. Therefore,
the metal support of this mmvention can exhibit excellent
durability and exhaust gas purification performance even
under an extremely severe condition such as when it 1s fitted
to an exhaust manifold of an automobile engine, where an
exhaust gas having a high temperature of not lower than
950° C. and a temperature of 150° C., for example, is
introduced as a non-uniform flow 1nto each vent hole of the
metal honeycomb body 2, or where the stress condition due
to the assembly 1s remarkable.

What 1s claimed 1s:

1. A metal honeycomb body for an exhaust gas purifica-
tion catalyst, said honeycomb body comprising;:

a plurality of alternate layers of flat metal foil and
corrugated metal foil, with adjacent layers in contact
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with one another, said flat metal foil and said corru-
cgated metal foil being ferrite heat-resistant high alloy
steel;

at least one of said flat metal foil and said corrugated
metal foi1l having a foil thickness of less than 40 um;

said flat metal foil and said corrugated metal foil having
a width-wise direction perpendicular to a rolling direc-
tion of said metal foils;

said flat metal foil and said corrugated metal foil having
a surface roughness specified by an arithmetical mean
deviation Rac within a range of 0.001 to 0.3 um 1n the
direction perpendicular to the rolling direction of said
metal foils;

contact portions between said flat metal foil and said
corrugated metal foil bonded by solid phase diffusion
bonding;
wheremn Al content 1n both said flat metal foil and said
corrugated metal foil 1s at least 3.0%.
2. Ametal honeycomb body according to claim 1, wherein
said foil thickness 1s within a range of 10 to 35 um.
3. A metal honeycomb body for an exhaust gas purifica-
tion catalyst, said honeycomb body comprising:

a plurality of alternate layers of flat metal foil and
corrugated metal foil, with adjacent layers in contact
with one another, said flat metal foil and said corru-
cgated metal foil being ferrite heat-resistant high alloy
steel;

said flat metal fo1l and said corrugated metal foil having
a width-wise direction perpendicular to a rolling direc-
tion of said foils;

said flat metal foil and said corrugated metal foil having
a surface roughness specified by an arithmetical mean
deviation Rac within a range of 0.001 to 0.3 um
measured in the direction perpendicular to the rolling
direction of said metal foils;

contact portions between said flat metal foil and said
corrugated metal foil bonded by solid phase diffusion
bonding.

4. A metal honeycomb body for an exhaust gas purifica-
fion catalyst according to claim 3, wherein surface texture of
said flat metal foil and said corrugated metal foil 1s further
specifled by a number of peaks PPI of at least 100 per inch
length measured in the direction perpendicular to the rolling
direction of said metal foils.

5. A metal honeycomb body for an exhaust gas purifica-
tion catalyst according to claim 3, wherein contact portions
between said flat metal foil and said corrugated metal foil
have a length measured along a length-wise direction of said
metal foils at least five times the thickness of said flat-metal
fo1l and said corrugated metal foil.

6. A metal honeycomb body for an exhaust gas purifica-
fion catalyst according to claim 5§, wherein surface texture of
said flat metal foil and said corrugated metal foil 1s specified
by a number of peaks PPI of at least 100 per inch of length
measured 1n the direction perpendicular to the rolling direc-
fion of said metal foils.

7. A metal honeycomb body for an exhaust gas purifica-
tion catalyst, said honeycomb body comprising:

a plurality of alternate layers of flat metal foil and
corrugated metal foi1l, with adjacent layers 1n contact
with one another, said flat metal foil and said corru-
cgated metal foil being ferrite heat-resistant high alloy
steel;

said flat metal foil and said corrugated metal foil having,
a wide-wise direction perpendicular to a rolling direc-
tion of said metal foils;
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said flat metal foi1l and said corrugated metal foil having
a surface texture specified by a number of peaks PPI at
least 100 per inch length measured in the direction
perpendicular to the rolling direction of said metal
foils;

contact portions between said flat metal foil and said
corrugated metal foil bonded by solid phase diffusion
bonding.

8. A metal honeycomb body for an exhaust gas purifica-

tion catalyst, said-honeycomb body comprising;:

a plurality of alternate layers of flat metal foil and
corrugated metal foil, with adjacent layers in contact
with one another, said flat metal foil and said corru-
cgated metal foil being ferrite heat-resistant high alloy
steel;

saild honeycomb body having a cylindrical shape, a
length, a center axis, an outer periphery, a radius
defined between the center axis and the outer periphery,
a gas entry side at a first end of the cylindrical shape
and a gas exit side at a second end of the cylindrical
shape;

said flat metal foil and said corrugated metal foil having
a width-wise direction perpendicular to a rolling direc-
tion of said metal foils;

said flat metal foi1l and said corrugated metal foil having
a surface texture comprising a surface roughness speci-
fied by an arithmetical mean deviation Rac measured 1n
the direction perpendicular to the rolling direction of
said metal foils within a range of 0.001 to 0.3 um;

a portion of contact portions between the flat metal foil
and the corrugated metal fo1l not bonded to one another
at least at one position 1n said honeycomb body defin-
ing at least one unbonded portion;

remaining portions of the contact portions between the flat
metal fo1l and the corrugated metal foil bonded by solid
phase diffusion bonding;

said at least one unbonded portion located at a distance of
at least ¥4 the radius from the center axis to the outer
periphery of said cylindrical shaped metal honeycomb
body and extending from at or near the gas exit side, as
a start point, toward the gas entry side 1n a direction of
the center axis for a distance of %20 to %10 of the length
of the cylindrical shaped metal honeycomb body and
covering at least one circumferential turn with respect
to the cylindrical shape of the metal honeycomb body.

9. A metal honeycomb body for an exhaust gas purifica-
tion catalyst according to claim 8, wherein said start point 1s
located at a position from the gas exit side toward the gas
entry side in the direction of the center axis of less than 40
the length of the cylindrical shaped metal honeycomb body.

10. A metal honeycomb body for an exhaust gas purifi-
cation catalyst according to claim 8, further comprising;:

said cylindrical shaped metal honeycomb body 1s dis-
posed 1n an outer cylinder, with said cylindrical shaped
metal honeycomb body bonded to the outer cylinder by
a bonded portion between the outer periphery of said
cylindrical shaped metal honeycomb and the outer
cylinder;

said bonded portion having a length in the direction of the
center axis of the cylindrical shaped metal honeycomb
body of no greater than ¥4 the length of the cylindrical

shaped metal honeycomb body;

said bonded portion spaced at a distance from the gas
entry side in the direction of the center axis of at least
'3 the length of the cylindrical shaped metal honey-
comb body.
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11. A metal honeycomb body according to claim 8, further

comprising:

a shell located on the outer periphery of the cylindrical
shaped metal honeycomb body, said shell comprising at
least one circumiferential turn of the flat metal foil or the
corrugated metal foil around the outer periphery of said
cylindrical shaped metal honeycomb body;

said flat metal foil or said corrugated foil of said shell
being bonded with each other;

said shell bonded to the outer periphery of said cylindrical

shaped metal honeycomb body.

12. A metal honeycomb body according to claim 11,
wherein said shell comprises said flat metal foil or said
corrugated metal foil elongated by a distance corresponding
to a shell formation length.

13. A metal honeycomb body according to claim 11,
wherein said shell comprises said flat metal foil or said
corrugated metal foil separate from the metal foils consti-
tuting said metal honeycomb body.

14. A metal honeycomb body according to claim 11,
wherein said shell has a thickness of from 100 to 500 um.

15. A metal honeycomb body according to claim 11,
wherein the outer periphery of said cylindrical shaped metal
honeycomb body and the shell are bonded, and said flat
metal foil or said corrugated metal foil of said shell are
bonded with each other, by solid phase diffusion bonding.

16. A metal honeycomb body according to claim 11,
wherein an unbonded portion 1s located between the outer
periphery of said cylindrical shaped metal honeycomb body
having said shell around the outer periphery thereof and the
outer cylinder in which said cylindrical shaped metal hon-
eycomb body 1s disposed.

17. A metal honeycomb body according to claim 11,
wherein an unbonded portion 1s located between said cylin-
drical shaped metal honeycomb body having the shell
around the outer periphery thereof and an outer cylinder into
which the cylindrical shaped honeycomb 1s disposed and
between part of an outer periphery of the shell and the outer
cylinder.

18. A method of producing a metal honeycomb body for
an exhaust gas purification catalyst by alternately laminating
or integrally winding a flat metal foil and a corrugated metal
fo1l made of a ferrite heat-resistant high alloy steel contain-
ing 3 to 10 wt % of Al, said method comprising the steps of:

forming said metal honeycomb body using metal foils in
which at least one of said flat metal foil and said
corrugated metal foil has a fo1l thickness of less than 40
um; and

bonding contact portions between said metal foils by solid

phase diffusion bonding by heating said metal honey-
comb body at a treatment temperature of 1,100 to
1,250° C. for a treatment time of 30 to 90 minutes 1n a
degree of vacuum of 3x10™* to 5x107> Torr at the time
of arrival at said treatment temperature.

19. A method of producing a metal honeycomb body for
an exhaust gas purification catalyst by alternately laminating
or integrally winding a flat metal foil and a corrugated metal
fo1l made of ferrite heat-resistant high alloy steel, said
method comprising the steps of:

forming said metal honeycomb body by using metal foils
in which said flat metal foil and said corrugated metal
fo1l have a surface texture comprising at least one of a
surface roughness specified by an arithmetical mean
deviation Rac of 0.001 to 0.3 um measured 1n a
direction perpendicular to a rolling direction of said
foils or by a number of peaks PPI of at least 100 per
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inch length measured 1n the direction perpendicular to
the rolling direction of said foils;

bonding contact portions between said metal foils by solid
phase diffusion bonding by heating said metal honey-
comb body at a treatment temperature of 1,100 to
1,250° C., a treatment time of 30 to 90 minutes in a
degree of vacuum of 3x10™* to 5x10~> Torr at the time
of arrival at said treatment temperature.

20. A method of producing a metal honeycomb body for
an exhaust gas purification catalyst by alternately laminating,
or mtegrally winding a belt-like flat metal foil and corru-
cgated metal foil made of a ferrite heat-resistant high alloy
steel, said method comprising the steps of:

forming said metal honeycomb body by winding said foils
while a back-tension of 0.2 to 1.5 kgt/cm per unit width
of said belt-like flat metal foil 1s applied to said belt-like
flat metal foil resulting 1n a width of contact portions
between said flat metal foi1l and said corrugated metal
foil at least five times the thickness of said flat metal
fo1l and said corrugated metal foil, 1n which said flat
metal foil and said corrugated metal foil have a surface
texture comprising at least one of a surface roughness
specified by an arithmetical mean deviation Rac of
0.001 to 0.3 um measure 1n a direction perpendicular to
a rolling direction of said foils or by a number of peaks
PPI of at least 100 per inch length measured in the
direction perpendicular to the rolling direction of the
foils;

bonding said contact portions between said metal foils by
solid phase diffusion bonding by heating said metal
honeycomb body at a treatment temperature of 1,100 to
1,250° C. for a treatment time of 30 to 90 minutes in a
degree of a vacuum of 3x10™* to 5x10™> Torr at the
time of arrival at said treatment temperature.
21. A method of producing a metal honeycomb body
according to claim 20, wherein said solid phase diffusion
bonding 1s conducted at a vacuum heat treatment tempera-

ture T (° C.) within the range of 1,100 to 1,250° C. and
satisfying the following relational formula:

10%/(T+273)=-0.43 log Rac+6.43

wherein Rac 1s the surface roughness speciiied by the
arithmetical mean deviation measured 1n the direction per-
pendicular to the rolling direction of said metal foils.

22. A method of producing a metal honeycomb body for
an exhaust gas purification catalyst, said method comprising
the steps of:

winding a flat metal foi1l and a corrugated metal foil
forming a cylindrical shaped honeycomb body, said flat
metal foil and said corrugated metal foill made of a
ferrite heat-resistant high alloy steel;

said cylindrical shaped honeycomb body having a length,
a center axis, an outer periphery, a radius defined
between the center axis and the outer periphery, a gas
entry side at a first end of the cylindrical shaped
honeycomb body and a gas exit side at a second end of
the cylindrical shaped honeycomb body;

during said winding, applying a diffusion-preventing
agent at one or more positions at contact portions
between the flat metal foil and the corrugated metal
foil, said diffusion-preventing agent applied at a dis-

tance of at least ¥ the radius from the center axis to the

outer periphery of said cylindrical shaped honeycomb

body and extending from at or near the gas exit side, as

a start point, toward the gas entry side 1n the direction

of the center axis for a distance of %0 to %o of the
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length of the cylindrical shaped honeycomb body and
covering at least one circumierential turn with respect
to the cylindrical shape of the honeycomb body;

providing said flat metal foil and said corrugated metal
fo1l having a width-wise direction perpendicular a
rolling direction of the foils with a surface roughness
specified by an arithmetical mean deviation Rac mea-
sured 1n the direction perpendicular to the rolling
direction of the foils within a range of 0.001 to 0.3 um;

heat-treating the cylindrical shaped honeycomb body at a
treatment temperature of 1,100 to 1,250° C. for a
treatment time of 30 to 90 minutes 1n a degree of
vacuum of 3x10™* to 5x10~> Torr at time of arrival at
said heating-treating temperature for solid phase diffu-
sion bonding.

23. A method of producing a metal honeycomb body
according to claim 22 further comprising locating said start
point at a position from the gas exit side toward the gas entry
side 1 the direction of the center axis of less than Y10 of
length of the cylindrical shaped honeycomb body.

24. A method of producing a metal honeycomb body
according to claim 22 further comprising;:

forming a shell on said cylindrical shaped honeycomb
body by winding at least one turn of the flat foil or the
corrugated foil around the outer periphery of the cylin-
drical shaped honeycomb body and thereafter perform-
ing said heat-treating for solid phase diffusion bonding.
25. A method for producing a metal honeycomb body
according to claim 24 wherein said shell comprises tlat foil
or corrugated foil other than said flat fo1l and corrugated foil
forming said cylindrical shaped honeycomb body.
26. A method for producing a metal honeycomb body
according to claim 24 further comprising;:

applying a brazing material to at least a portion of an outer
peripheral surface of the shell formed around the cylin-
drical shaped honeycomb body;

applying a diffusion-preventing agent to a portion of the

outer peripheral surface of the cylindrical shaped hon-
eycomb body not covered by the shell;
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thereafter, fitting the cylindrical shaped honeycomb body
into an outer cylinder, followed by heat-treating.
27. A method of producing a metal honeycomb body
according to claim 26 further comprising:

applying a diffusion-preventing agent on another portion
of the outer peripheral surface of the shell not having
brazing material applied thereto.

28. A method of producing a metal honeycomb body
according to claim 24, further comprising conducting said
heat-treating for solid phase diffusion as vacuum heat-
treating at a temperature (T ®° C.) within a range 1n accor-
dance with foil thickness (t um) of the foils defined by the
equation:

1,100<T<1.7xt+1,165.

29. A metal fo1l made of a ferrite type heat resistant high
alloy steel for use as a metal honeycomb body for an exhaust
gas purification catalyst produced by alternately laminating
or integrally winding a flat foil and a corrugated {foil,
characterized 1 that a surface roughness of said metal foil
specifled by an arithmetical mean deviation Rac measured 1n
a direction perpendicular to a rolling direction of said foil
falls within a range of 0.001 to 0.3 um.

30. (New) A metal foil according to claim 29, wherein a
surface texture speciiied by a number of peaks PPI 1s at least
100 per 1nch length measured 1n the direction perpendicular
to the rolling direction of the foil.

31. A metal fo1l made of a ferrite type heat resistant high
alloy steel for use as a metal honeycomb body for an exhaust
oas purification catalyst produced by alternately laminating
or integrally winding a flat foil and a corrugated foil,
characterized 1n that a surface texture of said metal foil
specified by a number of peaks PPI 1s at least 100 per inch
length measured 1n a direction perpendicular to a rolling
direction of the foil.
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